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@ Drug dalhrery compoarttorta and method*. 

@ Drug dallvory compositions yield new and unexpected 
degrees of stabilization, solubilization and deHvery of Incorpor- 
ated medJcaments, druga. or other prr/akrioglcaty*athre com- 
pounds. The compositions enable administration of druga and 
other medlcafty useful compounds via a variety of routes. Mora 
particularly, a drug delivery system or composition Including 
one or mora monomertc or porymertzed surface active agents 
allows for rapid dissolution and smooth liberation of any desired 
Incorporated drug or combinations, and the method of 
preparing the drug composition. In one embodiment, the 
physlologtcalry-actrve compound Is encapsulated by a coacer- 
vate-dertved film, and the finished product Is suitable for 
transmucosai administration. Other formulations of this inven- 
tion may be administered via inhalation, oral, parenteral and by 
transdermal routes. 
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Description 

DRUG DELIVERY COMPOSITIONS AND METHODS 

The present Invention relates to a stable drug delivery composition In oral dosage form or capable of new 
and unexpected stabilization, solubilization and delivery of stable drug components In parenteral form at the 

5 pH of body tissue. More particularly, the present invention is directed to a drug delivery system or composition 
that allows for rapid dissolution and smooth liberation of any desired drug either orally or parenterally without 
precipitation, and the method of preparing the drug composition. In accordance with one embodiment of the 
present invention, liposomes and their contents can be enveloped In a coacervate-based film to prevent 
disintegration of liposome vehicles. 

10 Drugs now in common use often require formulation compromises In order to prepare the marketed 
product. Thus, many parenteral compositions must be prepared using the salt of the parent compound and an 
excessive pH. 

The Instability of many useful drugs and other useful medical compositions poses other formulation 
problems. At present, emulsions, microemulsions and liposomes constitute the principal approaches to these 

15 problems. While such dosage forms are an advance over older forms, they are often associated with erratic 
bioavailability and instability of their own. 

The herein disclosed invention comprises a method to prepare compositions and compositions which 
deliver medically useful compositions effectively. The method Is based upon the use of a non-toxic aqueous 
coacervate; said method produces stable microemulsions comprised of particles In which one or more 

20 pharmaceutical components have been Incorporated. Through the process of this invention particles are 
enveloped by a coacervate-based film. The compositions of this Invention may be administered orally, 
parenterally or by tissue absorption, as required. 

The disclosed method enables the preparation of particles of any desired size and any degree of particle 
surface film hardness, any number of coacervate-derived films of any desired thickness, or any combination of 

25 particle sizes and surface hardnesses. In preferred compositions prepared by the disclosed Invention, the 
particle size is about 1 micron or less. The pharmaceutical component(s) may be any water soluble or water 
insoluble medically useful composition or combinations of such compositions. 

The Inventor has previously disclosed compositions based on a coacervate system using albumin and 
lecithin as principal components of the system. However, by polymerizing one or both of these components, 

30 the inventor has not only simplified the method but unexpectedly produced a preparation with vastly Improved 
encapsulating capability. Details of this Improvement are presented In the Experiments Section. 

While there are apparent similarities to the Inventor's prior art, this application differs significantly in several 
Important aspects. Thus, encapsulation is a fundamental aspect of the inventor's prior art and the present 
invention. However, by polymerizing one or more of the surfactants used In the present invention, and/or by 

35 modifying the previously disclosed processes, the proportion of the pharmaceutical component Incorporated 
In the present formulation is approximately two to six times greater than that of formulations disclosed earlier. 

The Intravenous delivery of many pharmaceutical preparations has been limited to the use of aqueous 
singular systems, as discussed, based upon the salt of a parent compound and/or the dissolution of the 
compound by agents such as a propylene glycol or alcohol. Other known systems which function primarily as 

40 blood substitutes, however, are able to solubllize and deliver drugs Infused therein to a restricted degree. U.S. 
Patent No. 4,343,797 discloses a method of preparing a synthetic blood substitute based upon a two-phase 
heterogeneous physico-chemical system which provides for oxygen transport and other physiological 
functions inherent to whole natural blood. In U.S. Patent No. 4,439,424 a preferred synthetic blood composition 
comprises albumin, water, sodium chloride, urea and lecithin In the form of a two-phase coacervate system 

45 which Is rendered Isotonic with human blood by the addition of controlled amounts of the sodium chloride. 
U.S. Patent Nos. 4,558,032, 4,539,204 and 4,596.778 relate to gelatin based syn thetic blood substitutes based 
upon a two-phase coacervate system utilizing respectively, gelatin and acacia; two gelatins; modified fluid 
gelatins of different Isoelectric points; and gelatin or modified gelatin and lecithin. U.S. Patent No. 4,547,490 
discloses a further coacervate synthetic blood derived from an aqueous solution containing albumin, sodium 

50 chloride and lecithin in a nonpolar or semipolar solvent. 

These known products have been found to be capable of carrying drugs, but have been designed to serve 
as a resuscltative fluid much In the manner of whole natural blood. One of the principal formulation problems 
successfully addressed by the aforementioned patents Is maintenance of the structure and integrity of the 
mlcropartlcles (synthocytes) which comprise the composition. 

55 The hemoglobin component of this composition (i.e., stroma-free hemoglobin, pyrldoxiiated-polymerlzed 
hemoglobin, liposome encapsulated hemoglobin and the like) remains functional and encapsulated within the 
mlcropartlcles (synthocytes) until the particles are metabolized and eliminated from the body. Encapsulation 
of the hemoglobin component not only preserves functionality but reduces or eliminates endotoxic reactions 
associated with non-encapsulated hemoglobin. The term "synthocyte" as used in this specification refers to 

60 the microparticles of this Invention, the particles being about 1 micron or less in any single dimension when 
administered parenterally, and comprised of a coacervate-based matrix which contains the active 
component(s) ; and a coacervate-based film which envelopes the contents of the micropartlcle and constitutes 
the outer surface of the particle. The enveloping film may be comprised of one or more layers as required to 
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prepare the desired composition. In this specification the terms 'particle", "synthocyte' and Trtcroparttde' 
will be used interchangeably. 

Another example of a coacervate-based system Is disclosed fn International application PCT/U8as/009», 
published November 21, 1985, relating to an oral dosage composition and method of preparation to eneb* the 
oral administration of Insulin. The problems addressed by the disclosed coacervate system, however. Include * 
the need for protection of the Insulin against degradation by enzymes, and factors such as the acid-base 
balance end other gastrointestinal condmonB and processes. The coacervate-based Wm envetopes each 
individual Insulin molecule to inhibit the Interaction between the Insulin component and the degrading 
conditions. 

The prior art describing the Hpoeome technology Includes the foflowfrig: The Ash and HWer U.8. Patent W 
No. 4,448765 filed July 3. 1979 entitled LIPOSOMES AND THEIR USE IN TREATING HUMAN OR OTHER 
MAMMALIAN PATIENTS, describe* microvesictea which are reportedly stabfteed by the incorporation of a 
polymer having at least sit atoms attached to the backbone thereof; said vesicles frTcorporating a 
physioplogicaily-acttve substance. Kefty U.S. Patent No. 4,358,167 entitled LIPOSOME DRUG DELIVERY 
SYSTEMS, filed June 22. 1981 , describes a liposome medicament delivery system whefetn the medicament la 1$ 
in an aliphatic Ilqufd-sterol-water lamellae. The ftpfd may be a sodium or potassium salt of a C* to Ci s fatty acid 
and the sterol may be cholesterol. Kao, Y. and Loo, T., Pharmacological Disposition of Negatively Charged 
Phospholipid Vesicles In Rats, J. of Pharm. Sd. 99;1 1, 1980, pp. 1338-1343 contaJhs a report of experiments 
which investigated the pharmaootogical disposition of four negatfvety charged phospholipid vestotee. 
Gregortadls, G:, the Carrier Potential of L^osorhee In Biology and Medicine; N.E. J. of Med. Vol. 29fi, No. 13, A? 
1976, describes the use of liposomes to carry a targe variety of btologicatty interesting oornpoefflohe (nclutfhg 
hormones, drugs, steroids, vitamins, viruses and other compositions such as Wetarnine. rJoucet. D.. et al; 
Oxygen Binding of Artificial Erythrocytes, In Proceedings of Int. Soc. of Artff. Organs. 5, (Supp) 1ttB1, 
pp. 392-395, describes the use of liposomes to Ihcorpomte a concentrated hemogteWh eoiutton. Qaber, B„ et 
al; Encapsulation of Hemoglobin m Phospholipid Vesicles, FEBS Letters, V6t. 163i 2, 1963, pp. 26 
describes a method to encapsulate hemoglobin Hi phospholipid vesicles. Q rimer, 8., Novel Miiltlteyered L$)td 
Vesicles: Comparison of Physical Characteristics of Multilamellar Liposomes and Stable PHMameflaf /estates. 
Biochemistry, 24, 198S, 2833-2842, discusses the effects of osmotic compression on the production of various 
liposome compositions; Szebenl, J. et si; Encapsulation of Hemoglobin In Phospholipid Liposome; 
Characterization and Stability; Biochemistry; 24, 1965, 2827-2832, reports the encapsulation of hemofltobth in 36 
liposomes of different Hpld composition. Blood Policy and Technology; Office of Technology Assessment, U.S. 
v Congress, U.S. Government Printing Office, 1885, pp. 146-151. reports the methods of formulation and the 

difficulties encountered In using liposome based blood substitutes. 

It Is important to emphasize that liposomes differ from the coacervate preparations previously discussed 
and herein disclosed in mode of manufacture, and in physical and structural properties. J6 

Coacervates are used In the preparation of the compositions of this invention. The Inventors pending U.S. 
patent applications based on coacervate compositions Include the f ollowtng : Serial No. 591 ,774 filed March 21 , 
1984. 

The Ecanow et al application Serial No. 81 1,675, flied December 20, 1985, describes a synthetic whole blood 
wherein the coacervate system is produced from lecithin dispersed In an aqueous solution containing albumin 40 
and sodium chloride; said system enabling a more effective use of the Incorporated pyrloV>xlIated-po(yTrterteed 
hemoglobin. 

The Ecanow application Serial No. 835,550, flied March 3, 1968, describes an oral dosage form of Insulin 
based on the use of a coacervate* system comprised of lecithin, albumin, and Insulin. 

The Ecanow application Serial No. 711,066. filed March 12, 1986, describes an oral dosage form of atrial 46 
peptides based on a coacervate comprised of lecithin, albumin, and atrial peptides. 

The Ecanow application Serial No. 896,844, Wed August 14, 1986, describes a drug delivery system baaed 
upon an albumtn-lecrthln coacervate system uttng a solvent. 

The Ecanow application Serial No. 001,614, filed January 8, 1987, describes an oral drug delivery system 
bassd on a daxtran-potyethylene glycol coacervate. fit? 

The Ecanow application Serial No. 066,620, ffled January 14, 1987, describes a composition Useful for 
Immunoassay procedures based upoh an albumtn-lecrthln coacervate eystem. 

There are fundamental differences between this Invention and the Inventor's prior art. In some Ihstanoee, 
e.g., the blood substitute formulations, are based on precisely opposite theoretical and functional 
characteristics. Thus, the blood substitute formulations are based squarely on a gas exchange system. In this 65 
Instance, oxygen Is absorbed by the hemoglobin component of the synthocyte and released from the 
hemoglobin to the tissues according to oxygen tensions. This phenomena Is represented In whole blood and 
some blood substitutes by a sigmoid curve. In contrast. In this Invention, the drug Is released from 
encapsulation; the release can be represented by a straight line function or by an exponential rate of release. 

Further, the Inventor's blood substitutes are specifically formulated to maintain the hemoglobin component 60 
in an encapsulated state up to the time the synthocyte and Its contents are metabolized. In tho present 
invention, the formulations are designed to release the drug from the syhthooyte promptly after ttdmlnUittaUen. 
The present invention provides for a variety of routes of administration; the Inventor's blood substitutes are 
restricted to Intravenous Injection. 
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SUMMARY OF THE INVENTION 

The method of this invention enables the preparation of carrier vehicles useful for the delivery of medically 
useful compositions for man and animals. The finished products of this invention range from a red blood cell 
substitute {resuscitation fluid) to aqueous based formulations of water Insoluble, water soluble and water 

5 SQ ^^ c ^'J^' in thQ method of this invention, aqueous formulations successfully incorporate and deliver 
water Insoluble and water sensitive drugs is evidence that this invention constitutes a significant advance in 

the state of the art . ^ . * lir *«„ a a ~»k«*- 

The aqueous based compositions of this Invention comprise one or more of a large variety of surface active 

10 agents that is. molecules which are non toxic and endogenous or exogenous to the body and can include one 
or more monomeric. polymerized or polymerizable surface active agents, particularly a polymerized form of a 
protein such as albumin and/or a polymerized form of a phospholipid such as lecithin and may include one or 
more surface active agents either in polymeric or monomeric form. Including lecithin, albumin, gelatin, 
modified liquid gelatin, acacia gel and combinations thereof. Finished products of this Invention may be 

15 administered by oral, parenteral, transdermal, transmucosal or Inhalation routes, or by combinations of these 
routes 

Formulations prepared according to the method of this invention are stable, pharmacologically-active and 
will not precipitate In body tissue or fluid. Parenteral drugs now prepared to an excessive pH can be 
reformulated using the method of this invention. The resulting product will have improved bloavailabHrty and 
20 absorption- said reformulation will reduce or eliminate pain and tissue damage associated with injection of. 
drugs with an excessive pH. The phystologically-actrve compounds, such as a drug, may be in a concentrated 
form or may be dissolved or suspended in a carrier, e.g., a liquid carrier, such as an oil. glycerlde, lipid, 
coacervate phase(s) or within a film carrier such as a liposome. In one embodiment, a liposome Is 
encapsulated In a coacervate-based matrix or coacervate phase and/or coacervate-based film to prevent the 
25 liposome from unravelling prematurely. , 
Either prompt or sustained release characteristics or mixtures thereof, can be manufactured by the method 
of the present Invention, into the circulatory system without being absorbed through the lining of the Gl tract. 
The formulations are stable, pharmacologically active and will not precipitate in body tissue or fluid. The drug 
delivery formulations of this Invention include emulsions, mlcroemulsions and coacervate phase encased 
30 liposomes. In those delivery formulations which are prepared to an excessive pH and are administered 
parenteraily the herein disclosed formulations will improve dissolution, be free of the pharmacokinetic 
distortions associated with current drug vehicles and reduce or eliminate pain and tissue damage. Use of this 
invention for orally administered drugs or other medically useful compositions significantly Improves their 
bioavailability and absorption. In brief, this invention comprises a coacervate system containing at least one 
35 monomeric or polymerized surface active compound which can be processed to result in a composition 
including one or more physiologically-active compounds coated or encased with a coacervate phase film and 
may be in the form of a microemulsion to stabilize and improve the dosage forms specified above .The 
physiologlcaily-active compounds, such as a drug, may be in a concentrated form, or may be dissolved or 
suspended In a carrier, e.g.. a liquid carrier, such as an oil or glycerlde, or within a film earner such as a 
40 liposome. In one embodiment, a liposome is encapsulated In a coacervate based matrix or coacervate phase 
ana7or coacervate based film to prevent the liposome from unravelling. 

The method of this Invention enables the preparation of carrier vehicles useful for the delivery of medically 
useful compositions for man and animals. Thus, the disclosed method can be used to produce a composition 
which comprises a red blood cell substitute (resuscitation fluid); If desired, by modifying the method. It will 
45 produce an effective plasma expander. The method of the present invention using a polymerized or 
polymerizable surface active agent constitutes an Improvement in Incorporating ability ranging from two to six 
times greater than that of the inventor's previously disclosed methods. 

The delivery systems of this invention encompass emulsions, mlcroemulsions, encapsulated liposomes, 
suspensions, gels and microsuspensions. The size of the coacervate-based encapsulated particles wWch 
50 comprise the finished products of this invention extend from the nanogram range to about one micron when 
administered parenteraily. Larger size particles may be made by the disclosed method If required. Filtering 
procedures may be used to Insure appropriate particle size. This invention envisages compositions In which 
particles 1 micron or less are mixed with particles 2 microns or more. 
In this Invention, the pharmacologically-active component is bound to or embedded In the coacervate matnx 
55 comprising the pharmacologically-active compounds held In a coacervate matrix of the equilibrium water 
phase and/or the coacervate phase forming a particle; and the particle, including the pharmacologically-active 
component and equilibrium water and/or coacervate phase (forming the coacervate matnx) is then 
encapsulated by a coacervate-based film. The coacervate-based film can contain one or more 
pharmacologically-active component(s). and layered films can contain no. or different, pharmacologicaily-ac- 
60 tive components. The film can be prepared to any degree of structure (hardness) ranging from soft (semi-gel 
like) to rigid. The method provides for a mixture of particle sizes if desired, and for any degree of surface film 
hardness any number of surface films with or without an active compound, or combinations thereof. 

In accordance with one embodiment of the present Invention, a perhalogenated compound and a two-phase 
aqueous coacervate system are combined to yield a useful composition that can be used to solubllize and 
65 stabilize physiologically-active compounds. The resulting products can be administered orally or parenteraily. 
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preferably Intravenously, to perform such useful functions as acting as a barrier to food absorption to assist In 
weight reduction programs; as an oxygen-transporttng contrast medium; and/or as a resuscitation fluW. The 
method and Composition of the present Invention also can be used to solublllze and stabilize non-polar 
physiologically-active pfiarmaceutteaJ compounds, such as drugs, enzymes, Wotogl cafe, peptides, 
antimicrobials, anesthetic agents, or comblnatlorm thereof. Surprisingly and unexpectedly, according to the 5 
present Invention, the anesthetic agents, Including gases, liquids and Notifiable gases, can be Incorporated 
into the composition of the present Invention. In genera), the composition and method of the present Invention 
facilitates the manufacture of medlcalfy-useful products and facilitates the Introduction of these 
medically-useful products Into the body. 

In accordance with another embodiment, the physlologicaHy-acttve compound Is a heme, herrtoproteln, to 
and/or a heme-hemoproteln complex, such as strome-free hemoglobin; polymerized hemoglobin; and/ or 
pyrldoxilatod, polymerized hemoglobin; and/or an oxygen solvent to augment the oxygen transport capability 
of the body, to treat for several of the anemias and/or to act as an oxygen-carrying plasm* extender. 

OBJECTS OF THE PRESENT INVENTION 15 

Accordingly, an object of the present fnventlon Is to provide a composition and a method of making the 
composition wherein one or more physlologlcaJy-acttve compounds are encapsulated by an aqueous 
coacervate-based film containing at least one monomeric or polymerized surface active compound to provide 
unexpected stability to the composition. 

Another object of the present Invention Is to provide a composition and a method of making the composition 20 
wherein one or more physiotogtcsityacttve compounds Is dissolved or dispersed In a Bqutd carrier and the 
carrier and compound are encased In an aqueous coacervate-based matrix containing ct least one monomeric 
or polymerized surface active compound, the composition Including an aqueous coflold-nch phase or an 
aqueous colloid-poor phase or a combination of both phases from a two-phase ooacervate system. 

Another object of the present invention la to provide a composition and a method of making the composition 25 
wherein one or more physldoglcally-acttve compounds la dissolved or dispersed m a liquid carrier, such ae a 
g rye e ride, and the carrier and compound are encased In an aqueous ooacervate-beeed matrix containing at 
least one surfacs active compound Including an aqueous colloid-rich phase or an aqueous colloid-poor phase 
or a combination of both phases from a two-phase coocervate system, thereby preventing the compound from 
diffusing out of the composition prematurely, and to prevent degradation of the compound by body fluids. 30 

Another object of the present invention is to provide a method of administering a phyelologlcally-actlve 
compound to a mammal by oral Ingestion, tissue lining absorption or parenteral administration wherein the 
composition includes one or more physlologlcsJIyactlve compounds In concentrated form or In a solid or liquid 
carrier, encased In an aqueous coacervate-based matrix containing at least one surface active compound, 
particularly a film containing an aqueous collofd-rich phase. 35 

StIH another object of the present Invention Is to provide a composition and a method of making the 
composition wherein previously encapsulated physiologically-active compounds, such as compounds 
encapsulated In a liposome, are further stabilized by encapsulation In an aqueous coacervate-based matrix 
containing at least one surface active compound to prevent the compound from leaking by preventing the 
liposome from unravelling prematurely. 40 

A further object of the present invention Is to provide a composition and a method of making the 
composition wherein one or more physiologically-active compounds are encapsulated In an aqueous 
coacervate-based matrix containing at least one polymerized surface active compound, the matrix Including a 
coilold-rtch or a colloid-poor phase, or a combination of a colloid-rich and a colloid-poor phase to stabilize the 
physlologlcairy-acttve compound and prevent the compound from prematurely leaking out of the 45 
coacervate-based film, and to prevent compound-degenerative materials, such as enzymes, or other digestive 
fluids, from reaching and degenerating the compound. It Is a further object of the present Invention to provide 
a non-toxic, two-phase aqueous coacervale-beaed composition, Including a non-toxic perhalogenated 
compound, such as a perhalogenated hydrocarbon and/or a perhalogenated amine, to solublHze and stabfflze 
physlologicalty-acttve compounds, such as drugs, enzymes, biological*, peptides, antimicrobials, anesthetic 50 
agents, oxygen carriers, contrast media and mixtures thereof, and to facilitate the oral or parenteral 
Introduction of the physiologicalry-actrve compound Into the body. 

Another object of the present invention is to provide a composition and method of making the competition 
wherein one or more physlologlcaJly-ectlve compounds are encapsulated by an aqueoue oeaoervate-based 
matrix containing a polymer of lecithin to substantially and unexpectedly Increase the yield or amount of 55 
physiologfcaJly-acttve compound capable of being carried In the composition. 

Another object of the present invention Is to provide an aqueous coacervate-based composition, 
incorporating heme, hemoprotelns, or a heme-hemoproteln complex, that can be used to Increase the 
oxygen-transport and Iron-transport capabilities of the body, to treat various anemias and/or to extend plasma 
volume. 50 

Another object of the present Invention is to provide a coacervate matrix enveloping one or more 
physiologically-active compounds wherein the coacervate matrix Includes a plurality of surface active 
compounds one of which is polymerized albumin or polymerized lecithin. 

Another object of the present Invention la to provide a composition and method of making the compound 
wherein a three-layer coacervate system Is formed using a physlologlcidly-ecceptabte alcohol, and the middle 95 
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layer, comprising an aqueous collold-fteh phase, Is separated from the other two layers and then formed Into a 
second, two-phase coacervate system with one or both phases or layers suitable for encapsulating a 
phyalologlcalr/^active compound for oral, tissue-absorptive, or parenteraJ administration. 
Another object of the present Invention is to provide a composition and a method of making the composition 

5 wherein one or more physlologicalry-active compounds Is dissolved or dispersed In a liquid carrier, such as a 
glyceride, and the carrier and compound are encased In an aqueous coacervate-based film Including an 
aqueous colloid-rich phase or an aqueous colloid-poor phase or a combination of both phases from a 
two-phase coacervate system, thereby preventing the compound from diffusing out of the composition 
prematurely, and to prevent degradation of the compound by body fluids. 

10 The above and other objects and advantages of the present invention will become apparent from the 
following detailed description of the preferred embodiments. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 
The present invention provides for a stable drug delivery composition useful for the oral administration or 

15 tissue lining absorption of drugs and other medically useful compositions' and for the stabilization, 
solubilization and delivery of pharmacologically active substances as parenteral^ administrate drugs at the 
pH of body tissue. The compositions of the present invention are derived from a non-toxic two- phase aqueous 
coacervate system forming a matrix containing at least one polymerized surface active compound, one phase 
of which is colloid-rich, semlpolar to nonpolar in character and capable of solubilizing oil-soluble and 

20 water-insoluble components; and the second phase of the coacervate composition is colloid-poor, semlpolar 
to polar In character and capable of solubilizing water-soluble and, to a lesser degree, water-Insoluble 
components. The polar phase of a coacervate composition is made of strong, dipolar from about 0.1D to about 
0.8D. The nonpolar phase is made up of molecules have little or no dlpote character, generally In the range of 0 
to 0.1 D. See Remington's Pharmaceutical Sciences, Mack Publishing Company, 1973, pp. 241-242. To a limited 

25 degree, however, the colloid-poor phase may be able to solubilize some apparently water-Insoluble 
compounds, the colloid-rich phase being insoluble and in equilibrium with said colloid-poor phase. In this 
invention, a drug Is incorporated in the coacervate phase based matrix and encapsulated comprises a 
medically useful, surprisingly stable composition suitable for oral, parenteral, transdermal, transmucosaJ or 
inhalation administration or combinations of such modes of administration. 

30 As used in this Invention the term, "transmucosai" means that a formulation of this Invention Is applied 
directly to any of the accessible mucosal membraneous tissues of the body. The term, "transdermal" is used to 
mean a formulation applied directly to the surface of the skin. "Tissue absorptive" Includes both transdermal 
and transmucosai. The terms, "oral", "parenteral" and "Inhalation" are used as per conventional definitions. In 
this Invention, the oral route means that any oral dosage form can be accommodated, I.e., tablets, capsules, 

35 liquids, particles, and the like. 

The term "drug" Is defined by the Federal Food, Drug and Cosmetic Act, and as used In the present 
disclosure, is "articles recognized In the official United States Pharmacopoeaia , officaJ Homeopathic 
Pharmacopoeaia, or official National Formulary or any supplement to any of them". Further clarification of this 
definition is supported by Remington's Pharmaceutical Sciences , which states "drug* to mean "any article 

40 contained In the above-cited references which Is used in the process of diagnosis, cure, treatment, mitigation 
or prevention of disease In man and animals". Remington's Phanmaceutal Sciences , (Easton, Pa.: Mack 
Publishing Co., 1975), p. 1843. All drugs as encompassed by any of these definitions can be incorporated into 
the coacervate compositions of the present Invention for oral or parenteraJ administration to mammals. 
It Is known that the active components of many parenteral drugs such as antibiotics, anesthetics, anticancer 

45 agents, hypertensive compounds, and the like, are insoluble or only slightly soluble at the pH of plasma or 
tissue fluids and as such, the procedures commonly employed to deal with this problem include use of the salt 
of the parent compound and/or use of propylene glycol and/or alcohol as a solubilizing agent(s) for the drug. 
Physician's Desk Reference , (oradeli, NJ.: Medical Economic Co., 1986). 
U.S. Pharmacopoeaia, Indicates that of the injectable drugs used In the direct medical treatment of diseased 

50 states, approximately 200 are prepared from the salt of the parent compound and administered at a pH which 
differs significantly from that of body tissue. It follows from accepted pharmaceutic principles that when a drug 
based upon the salt of a parent compound is injected, the intracellular and extracellular water at the site of 
Injection will buffer the drug sufficiently to alter Its pH and cause a quantity of It to precipitate out of solution 
and Into the Injected site. 

55 The following list Illustrates the extensive use of the salt of the parent compound in Injectable drugs as well 
as the frequency of an associated excessive pH. As is evident, virtually all classes of drugs are represented, 
and, in accordance with the principles of the present Invention, are suitable for formulation in all embodiments 
of the coacervate compositions of the present invention for oral or parenteral administration or for tissue 
absorption. 

60 
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DRUG 

Acetazolamide, Sodim 9.0-10.0 

Alphaprodine HC1 4.0-6,0 

Amicocaproic Acid 6,0-7.6 

Arainosuppurate Sodium 5,7-7,5 

Aminophylline a . 6-9 . 0 

Aminotryptyline HC1 4.0-6.0 

Araobarbitol Sodium 9,6-10.4 

Anileridine 2.5-3.0 

Amphotericin B 7.2-9.0 

Arapicillin 5.0-7.0 

Anti coagulant Heparin Solution 5.0-7.0 

Arginine HC1 3.0-6.5 

Atropine Sulfate 3,0-6.5 

Atrial Peptides ^ 

Azathioprine Sodium 9.8-11.0 

Benztropine Mesylate 5.0*8.0 

Betaine HC1 0.S0-1.2 » 

Betamathazone Sodium b.O 

Bethanecol Chloride 5.5-7.5 

Biperiden Lactate 4.8-5.8 & 

Bleomycin Sulfate 4.5-6.0 

Brompheniramine Maleate 5.8-7.0 

Bupivacaine-Epinephrine Injection 3.3-8.5 40 

Bupivacaine HC1 4.0-6.5 

Butabartitol Sodium 10.0-11.2 

4$ 
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Nafcillin Sodium 6.0-8.5 

Naloxone HC1 3.0-4.5 

Neostigmine Methylsulf ate '5. -.6. 5 

Netilmicin Sulfate 3.5-6.0 

Niacin 4.0-6.0 

Niacinamide 5.0-7.0 

Norepinephrine Bitartrate 3.0-4.5 

Nylidrin HCl 4.5-6.5 

Orphenadrine Citrate 5.0-6.0 

Oxacillin Sodium 5.0-8.5 

Oxymor phone HCl 2.7-4.5 

Oxy tetracycline 8.0-9.0 

Oxytetracycline HCl 2.0-3.0 

Oxytocin 2.5-4.5 

Papaverine HCl 3.0 or less 

Parathyroid 2.5-3.5 

Penicillin G Potassium 6.5-8.5 

Penicillin G Procaine 5.0-7.5 

Penicillin G Sodium 6.5-7.5 

Pentazocine Lactate, 4.0-5.0 

& phenobarbital Sodium 9.0-10.5 

Perphenazine 4 . 2-5 . 6 

Phenobarbital Sodium 9.0-10.5 

40 Perphenazine 4.2-5.6 

Phenobarbitol Sodium 9.2-10.2 

Phentolamine Mesylate 4.5-6.5 

45 Phenylephrine HCl 3.0-6.5 
Phenytoin Soidum 10.0-12.3 
Physopstigmine Salicylate 4.0-6.0 
50 Phytonadione 3.5-7.0 
Plicamycin 5.0-7.5 
Posterior Pituitary 2.5-4.5 
55 Potassium Acetate 5.5-8.0 
Potassium Chloride 4.0-8.0 
Prednisolone Sodium Phosphate 7.0-8.0 
Prednisolone Sodium Succinate 5.7-8.0 
Prilocaine HCl 5.0-7.0 

65 
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Procainamide HC1 4.0-6.0 

Procaine HC1 3,0-3.5 

Procaine HCl-Epinephrine 3.Q-3,5 

Procaine-Phsnylephrine 

Hydrochlorides 3,0-5,5 
Procaine and Tetracaine RC1 

and Levonodef rin 3.5-5.0 

Prochlorperazine Edisylate 4.2-6.2 

Promazine HC1 4.0-5.5 

Promethazine HC1 4.0-5.5 

Propiomazine HC1 4,7-5^3 
Propoxycains-Procaine HCl'a- 

Norepinephrine Bitartrate 3,5-5,0 

Propanolol HC1 2,8-4.0 

Protein Hydrolysate 4.0-7.0 

Pyridostigmine Bromide 4.5-5.5 

Pyridoxine BC1 2.0^3.8 

Quinidine Gluconate 

Reserpine 3.0-4.0 

Riboflavin 4.5-7.0 , 

Ritodrine HC1 4.8-5.5 

Rolitetracycline 3.0-4.5 

Scopolamine HC1 3.5-6.5 

Secobarbital Sodium 9.0-10.5 

Sisomycin Sulfate 2.5-5,5 

Spectinomycin HC1 3.8-5.6 

Streptomycin Sulfate 5.0-8.0 

Succinylcholine Chloride 3.0-4.5 

Sulf adizazine Sodium 8.5-10.5 

Sulf ixoxazole Diolamine 7.0-8.5 

Superoxide Dismutase „ 

Terbutaline Sulfate 3.0-5.0 

Testosterone Cypionate — — - 

Testosterone Enanthate ~- 

Tetracaine HC1 3.2-6.0 

Tetracycline HC1 2.0-3.0 

Tetracycline Phosphate Complex 2.0-3.0 
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Thiamine HC1 


2.5-4-5 


Thimylal Sodium 


10.7-11.5 


Thiethylperazine Maleate 


3.0-4.0 


Thiopental Sodium 


10.2-11.2 


Thiothixene HC1 


2.5-3.5 


Tobramycin Sulfate 


6.0-8.0 


Tolazoline HC1 


3.0-4.0 


Tolbutaminde Sodium 


8.0-9.0 


Tr iamcinolane Diacetate 


6.0 


Tridihexethyl Chloride 


5.0-7.0 


Trifluoperazine HCl 


4.0-5.0 


Trif lupromzine HCl 


3.5-52. 


Trimethaphan Camsylate 


4.9-5.6 


Trimethobenzamide HCl 


4.8-5.2 


Trimethoprimsulf amethoxazole 


10.0 


Tromethamine 


10.0-11.5 


Tubocurarine Chloride 


2.5-5.0 


Vasopressin 


2.5-4.5 


Vincristine Sulfate 


3.5-4.5 


Vidarabine Concentrate 


5.0-6.2 


Vinclastine Sulfate 


3.5-5.0 


Warfarin Sodium 


7.2-8.3 


Verapamil 


4.1-6.0 



it Is to be understood that the above list of drugs Is tor purposes of illustration and Is not provided as an all 
Inclusive list of all the drugs which may be beneficially formulated or reformulated using the oral or parenteral 
drug, tissue absorptive, transmucosal, or inhalation delivery compositions of the present Invention. Other 
physlologlcally-actlve compounds that can be encapsulated In the coacervate compositions of the present 
Invention include biologically-active compounds, such as proteins, enzymes, anti-enzymes, peptides, 
catecholamines, antihistamines, analgesics, and the like. For the purposes of the present Invention 
"biological" Is defined to mean any medically useful composition derived from a blolo glcaJ source and/or a 
synthetic pharmacological equivalent thereof such as insulin, heme, hemoglobin, andtiormones; "enzyme" or 
"enzyme system" Is defined to mean any protein or conjugated protein produced biologically or synthetically 
and which functions as a blocatalyst; "peptide" refers to peptides and polypeptides derived from either 
endogenous, exogenous, or synthetic sources and Is used to mean polymers of amino acids linked together 
by an amide type linkage known as a peptide bond. Anti-enzymes are chemical or biological entitles specific to 
a given enzyme which act to Interfere with or terminate the biological activity of the enzyme. Other medically 
useful compositions known to those skilled In the art, for example, globulin, one or more glycoproteins, such 
as erythropoietin, also may be Incorporated in the compositions of the present Invention. 

Drug compounds dissolved in any non-toxic, physiologically-acceptable solvent such as a glycol, for 
example, propylene glycol, and/or alcohol also may be used In the practice of this Invention. The procedure 
and quantity of drug incorporated when using such compositions are any desired quantity, such as that 
described. 

The following are examples of standard doses which can be Incorporated Into the coacervate-based 
matrix-enveloped compositions or products of this invention: 
CImetldlne HQ 150 mg/ml 
Diazepam 5 mg/ml 



14 



0274431 



5-Fluorouracil 500 mg/10ml 
Erythromycin Lactoblonate 1 mg/ml 
Rosuridlne 500 mg/5ml 
Amthoteradn D 0.1 mg/ml 
Fluphenaztne HCI 2.5 mg/ml 
Heparlng Sodium 1,00-20.000 units/ml 
Haloperldol lactate 5 mg/ml 
Insulin 40 units 
Ketamlne HCI 10 mg/ml 
Labeltol HCI 5 mg/ml 
Upocaine HCI 10 mg/ml 
Miconozole 10 mg/ml 
Morphine Sulfate 0.5-1.0 mg/ml 
DropendaJ 2.5 mg/ml 
Imipramlne HCI 25 mg/2ml 
Phenytoln 100 mg/ml 
Pentobartltal Sodium 50 mg/ml 
Tetracycline HCI 250 mg/ 100ml 
Thiopental Sodium 0.2 mg/2ml 
Verapamil HCI 2.5 mg/ml 
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Vincristine Sulfate 1.0 mg/ml 
Fentanyt citrate 0.05 mg/ml 
Methytprednlsolone Sodium — 
Succinate 40 mg/ml 

Once the drug is solubllized In (held within the matrix of) the collold-rioh phase of the composition of the 25 
present invention and adjustments are made to the pH, If necessary, e.g., to 7.3-7.4 by the adoption, for 
example, of either hydrochloric acid or sodium bicarbonate, the preparation may be administered or stored In 
the standard or desired dose In appropriate containers such as ampules, vlaJs, and the like. Alternatively, 
following solubilization of the drug in the coacervate phase, the previously separated colloid-poor phase can 
be added and the resulting mixture emulsified using techniques known to produce mlcroemulelons. Following 30 
adjustment of the pH to, for example, 7.3-7.4, by adding either HCI or sodium bicarbonate as required, the 
preparation Is now ready for use or storage. In some Instances, as noted previously, the coflofd-poor phase 
may be used to solubllize and prepare formulations of polar and semlpolar drug compoettlons. 

Other medically useful compositions encompassed by the definition of drugs herein are also delivered more 
effectively orally, parenteral or by other means of administration that eventuate In tissue absorption of the 35 
drug(s) by incorporation into the compositions of the present Invention since such Incorporation Improves 
such parameters as stability, solubility, delivery and the like. Other medically useful compounds capable of 
being incorporated In the compositions of an embodiments of the present Invention Include vttamins, for 
example, vitamin B complex, vttamins A, D, E and K, vttamln Bis, folic acid, and the ffke. Addttionaly, enzymes 
such as glucagon, lipase, a-amyiase, superoxide dtsmutase, and the ttke, and nutrients such as fats, proteins, 40 
amino acids and carbohydrates may be Incorporated Into the drug delivery compositions of the present 
invention. Nutritional formulations using the compositions of the present Invention may Include both 
water-soluble and water-insoluble compounds, for example, vttarrrins, potyunsatu rated com oH, soy oil, 
triglycerides, amino acids, soy protein Isolate, soy lecithin, com syrup, sucrose and other nutritional entities 
known to be useful when normal food Intake Is precluded or otherwise Interfered with. Peptide and/or 45 
polypeptide compositions, particularly dlpeptfdea and trl peptides, also can be Included In the compositions of 
the present invention. Additional active compounds Includeable Into the coacervate compositions of the 
present invention, particularly for oral adrntrtlatetton Include Azothioprtne; Cyctoeprine; Monensln; low 
molecular weight Heparin, Amrinone and other tonotroplcs; Superoxide Dfftmutaee; Prot agfan dha; 
Interferons; Urokinase; hQH (humart growth hormone); Aminoglycoside antibtottes; Estrogen; CapheJoapo- 90 
rins; Androgens; Anti-androgens; Renin Inhibitors; Lipoxygenase Inhibitors; Hypothsimic and Pttuftary 
Hormones; Cardiac Gryscosides; Anti- Inftarnatory steroids; Non-steroid kiftarn a tory drugs; Vancomycin; 
Tissue Plasminogen Activators; Enzymes such as adenosine deaminase; and Mood factors, such as Factor 
VI 11 and Factor IX complex. 

Compositions of one embodiment of the present Invention comprise one or more non-toxto monomelic or 55 
polymeric surface active agents which may be derived from endogenous, exogenous or synthetic sources. For 
purposes of this invention, they may be selected from any of the classes of surfactants described by Zographl 
(Ref: Remington's Pharmaceutical Sciences, pp. 255-296, Mack Publishing Co. 1976). The polymers are 
obtained from the following monomers: anionic, cattonte, amphoterio, and non-Jontc surf actant s. Surface 
active agents In the anionic classification Include oH2-ethy1hexy4 sodium sutroeuoc&vte; non-tonic CO 
compositions Include polyethylene glycol (PEG) and potymeriZBd esters; and amphoteric surface acttve 
agents include (1) compounds Classified as simple, conjugated, derived, end secondary proteins such as the 
albumins; gelatins; modified fluid gelatins; lipoproteins; alpha, beta and gamma gtobuftne and grpcoprotetos, 
and (2) compounds referred to as phospholipids. The amine aarts and the quaternary emmonhjm safte within 
the cattonte group also comprise useful surfactants. Other aurfactant oompourtda useful to form ccacarvatae 96 
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In accordance with the principles of the present Invention Include compositions within the groups known as 
the potysaccarides and their derivatives, such as chrtosan; dextran; the mucopotysaccarides; and the 
polysorbatea and their derivatives. Synthetic polymers that may also be used Include compositions such aa 
polyethylene glycol and polypropylene glycol. Other suitable surface active agents that can be used to prepare 
5 coacervate compositions useful in accordance with the principles of the present Invention Include pectin, 
glycoprotein, gtycolipld, gaiac tose, and modified fluid gelatin. Acceptable coacervate compositions can be 
made from single surface active agents listed above or through the use of appropriate combinations thereof. 

Compounds that are not intrinsically surface active may also be used to prepare coacervates provided they 
can be made surface active by chemical or other means. Thus, fatty acids are not considered to be surface 

10 active compounds; however, when they are reacted with an alkaline chemical entity, the resulting reaction 
products will include one that has surface active properties. For Instance, mixing stearic acid with sodium 
hydroxide will produce a salt of stearic acid that has surfactant characteristics. 

Virtually all surfactants useful to this invention can by polymerized (e.g., modified fluid gelatin) and used in 
the method and compositions of the present Invention. 

75 As noted above, known synthetic polymers, e.g., polyethylene glycol dextran, a polysaccaride, and the like, 
may be used In this Invention. 

To achieve the full advantage of the present invention, the coacervate matrix includes at least one 
polymerized surfactant The polymerized surfactant or a combination of polymerized and monomeric 
surfactants have produced delivery systems that are exceptional in their ability to entrap hemoglobin and other 

20 pharmaceutical components. 

Surfactants useful to this invention can be polymerized by using, as an example, any of the customary 
aldehydes (e.g., gluteraldehyde) and following known procedures associated wtth the use of the aldehydes to 
produce the polymer form. 
To achieve the full advantage of the present invention, the combination of the surface active compounds 

25 include polymerized albumin and polymerized lecithin; polymerized albumin and monomeric lecithin; 
monomeric albumin and polymerized lecithin; casein and polymerized lecithin; gelatin and polymerized 
lecithin; pectin and polymerized albumin. It should be noted, however, that coacervate compositions useful in 
accordance with the principles of the present invention can be made from selected single surface active 
agents such as polymerized albumin or polymerized lecithin. 

30 To achieve the full advantage of the present Invention, one of the surface active agents should be a 
phospholipid, such as lecithin or polymerized lecithin, In the composition of the present invention. It may be 
derived from any suitable source. Egg lecithin is preferred. Other phospholipids such as cephalin, Isolecithin, 
sphingomyelin, phosphatidyl serine, phosphatide acid, phosphatidyl inositol and phosphatidyl choline, and 
combinations thereof, may be used in place of or In addition to lecithin, particularly where the other surfactant 

35 Is polymerized albumin. 

Further, to achieve the full advantage of the present Invention, a suitable surface-active protein, such as 
albumin or polymerized albumin, comprises another component of the compositions of the present Invention. 
Albumin derived from any acceptable source, such as human, Is acceptable. Other suitable surface active 
proteins include alpha-, beta- and gamma-globulins, gelatin, modified fluid gelatin, lipoproteins, polypeptides 

40 and mucopolysaccartdes. While albumin is preferred, any suitable, non-toxic protein, I.e., simple, conjugated 
or derived proteins or mixtures thereof, including the globulins may be used In place of albumin. When globulin 
is used in the process described in this specification, the finished product not only comprises a coacervate but 
a composition in which the medical usefulness and the activity of the gamma globulin is prolonged. 
The use of an aqueous based coacervate composition as the starting composition for the mlcroemulslons of 

45 the finished products of the present invention distinguishes the compositions of the disclosed invention from 
known mlcroemulslons that are comprised of a lipid (liquid or solid) or oil phase and a water phase. It should be 
noted that stabilization of known mlcroemulslons by encasing the microemulslons in a coacervate phase 
matrix and/or film, tn accordance with the principles of the present Invention, is an important feature of the 
present invention. 

50 According to another embodiment of the method and composition of the present Invention any non-toxic 
molecule capable of carrying, and releasing oxygen to the bloodstream of a patient, and/or an oxygen solvent, 
preferably a molecule that contains Iron, can be used as the physiologically-active component of the 
composition. Further, It has been found that, a heme, and/or a hemoprotein and/or a heme-hemoproteln 
complex can be used as the phystoioglcally-actlve component. Since the heme, hemoprotein and 

55 heme-hemoproteln complexes contain Iron, these preferred compounds possess an Important advantage 
because sources for the physiologically-active component include endogenous, exogenous and synthetic 
compositions. 

As used above and hereinafter, heme Is defined to comprise the prosthetic group of hemoglobin. However, 
according to the composition and method of the present Invention, prosthetic groups of other compositions, 

60 such as myoglobins, catatases, cytochromes b and some peroxidases can also can be used to form the 
heme-hemoprotein complexes. The preferred heme molecule for use in the present invention Is a complex of 
iron and protoporphyrin 9. type III. Similarly, hemoproteins that can be used above or In the heme-hemoproteln 
complex include hemoglobin, ovo globulin, ovocanalbumin, Cytochrome c. Cytochrome P460. polymerized 
hemoglobin, pyridoxilated-potymerized hemoglobin, ovomucin and lactalbumin. To achieve the full advantage 

65 of the present invention, when using a hemoprotein or the heme-hemoproteln complex combination. 
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hemoglobin of human, fcovine, synthetic or genetic engineering sources, In stroma-free fofm.-te utiUzed. as the 
hemoprotein. 

In accordance with en Important embodlmant of tie present invention ail of the componante of *ie prsaotf 
Invention, and eepeciairy the heme, the barncpretBtn end/or the hanw-fceiaoproteei complex abacas' be tm 
pure and statute. Therefore, eKher prior to or after incorporating the ham, feentflproteta anS/or 6" 
heme-hemoprotefn complex into the composition of the present Invention, a sokjUon of fte hens, 
hemoprotein and/or the hame^ernoprotein complex la treated with a chemical agent that terms ats&te ton 
complexes wtth the heme, hemoprotein or harne^ernoproteln complex, such as a cartoon monoKHe or an 
inorganic cyanide, perticutarty ayarride setts or cyanJdfi ccrnpia-xes, such ae sodium cyarrida hydrogen cyanfcSB. 
The chawicaJ aQani can be removed resdfy from the hams, hemoprotein and/or heme4>emcpratain ccnvte* w 
when an excess of ox^jen is introduced Into the solution. For example, carbon monoxide :!e toutoWed fhrengh 
the heme, hemoprotein and/heeie-protein solution untH ail oxygen is removed from the solution. * a 
subsequent processing step, the compiexed carbon monoxide 4s removed by Introducing an excess of 
oxygen to the heme, hemoprotein and/or heme-hemoproiaJn complex. In accordance with e new end 
unexpected feature of the present Invention, (he intimate contact of the solution tttth carbon monoxide f€ 
stabilizes the heme, hemoprotein and/or heme-tarnoprotain comptex during the manufacturing process, 
thereby preventing oxidation of the heme, hemoprotein and/or hflma-hfirr^protein complex 

Further, the composition prepared accorxSng to itm method of the present tiventen provides tron that la 
absorbed Into the body of humans and other memrnafo from the heme, hamoproteh and/or the 
heme-hamoprotetn moiecules as intact heme nwtscules. TWe aoaorpflon di^ptfnataa the nadfarsJ saurae and 2D 
natural mode of iron absorption and, thereto/a, p r c Mde e a afcntflcanl Improvement over tron compounds now 
in commercial use. For example, usually tha tron that ie present In such conwwrclai aampos&ene first must be 
converted to ferrous Iron In the stomach and duodenum before any absorption occurs. 

In accordance wtth an important feature of the present Invention, the h*me, hsnwprotssi end/or 
heme-hemoprotein complex present in the composition alter oral admkastratton la protected from 25 
degradation in the digestive tract by the coacervate phase of the coacsrvafte syvtsm. A fflm of 
coacervate-phase water surrounds and completely coats each heme, hemoprotein and/or hsrne-+*s«wprote4n 
complex to protect the heme, hemoprotein and/or rieme^erncproteln complex from gastrointestinal 
degradation. The coacervate-phase water Differs Jn physical structure from the butk water which Is pressAt in 
the stomach, thereby slowing the diffusion of digestive enzymes in the bulk watar. Accordingly, the (igestivs 30 
enzymes are unable to penetrate the fttm of coacervate-phase water that covers each hsms, hemoprotein 
and/or heme-hemoprotein comptex molecule, thereby reducing the rate of interaction of the enzymes with the 
heme, hemoprotein and/or heme-henwprotetn complex. This alow rate of Interaction aflowa phystotogteeHy 
useful quantities of heme, hemoprotein and/or heme-hemoprotein complex to avoid degradation and, 
therefore, to pass through the wails of tha smafi Intestine and into the circulatory system of the recipient The 35 
protective feature afforded by the coacervata phase also operates to protect the oxypjen-cerrylng 
physiologically-acttve component! s) against degradation effects of pH, acid -base balance and other 
conditions and processes of the gastrolnteatlneJ tract. 

In accordance wtth another important embodiment of the present Invention, liposomes and their contents 
are enveloped with a coacervete-besed fitm -thefflm being derived from any of the two-phase Hqufd aqueous 40 
non-toxic coacervate compositions described herein. Liposomes of any acceptable composition and of any 
lamellar structure, I.e., unilamellar, multilamellar, or pturHameUar, or any combination may be used in 
accordance wtth the principles of this embodiment of the present invention. Further, tha liposome may contain 
any of the following physloioglcaJty-acttvs components: any oxygen carrying molecule or oxygen sotvent(a), 
any drugs, hormones, blologtaals, sterolda, peptides, tissue plasminogen activators, enzymes, antl-snzymea 45 
and/or any other compositions or combinations thereof which are of biological or medical Interest. Suitable 
oxygen solvents include perfluorocarbons; the ooacervate phase of a lecithin-water coacervate solution; tha 
coacervate phase of a lectthin-albumin-watar sofeition, and the like. The source of tha pnyatologicaly-eotVe 
compound (s) can be either endogenous, exogenous or synthetic or any acceptable; non-toxic ccmbmapon 
thereof. 90 

The liposome embodiment of the present invention comprises a liposome component, the pharmaceutic 
and/or pharmacologic entlty(a), or combinations thereof, contained wfthtn the ftposomss, and a 
coacervate-based matrix and/or film encapsulating the liposome component and Its contents. In this 
embodiment of the present Invention, liposomes containing the physlologlcaHy-activa molecule are mixed Into 
a surfactant solution such as a solution of polymerized albumin. To achieve the full advantage of this 55 
embodiment of the present Invention, the surfactant (polymerized albumin) solution aJeo contains polymerized 
lecithin and is converted to a coacervate phase to form a coacervate matrix and/or fflm enveloping the 
liposome composition. 

Further emulsification of this mixture producee a composition enveloping the liposome In a coeosrvsie- 
based matrix and/or film. The emulsified composition Including the iipoaome enveloped by a coacervate- 60 
based matrix and/or Aim then Is mlcroemulsified to produce a mlcroemuialon having particles of 1 micron or 
less in size. As an option, mlcroemuislon(s) can be processed further to produce sustained release 
compositions; the methods include application of heat; uae of a cross-linking agent, or repeating specific 
process steps. 

As a further option, the composition may be dried, such as by trsatmsrrt wtth heat, or freeze dried to 66 
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produce a lyophUlzed product, which can be produced to any desired particle size and reconstituted wtth any 
physiologically appropriate fluid. When reconstituted, such compositions Include a resuscitation fluid and a 
delivery system to Introduce compositions of biological or medical Interest Into the body. 
The specific compositions of this Invention can be administered either parenteral^, transdermal ly, orairy, 
5 absorbed through the tissue lining of other body sites, or via Inhalation, or combinations thereof, as 
appropriate. 

When the reconstituted composition Is Intended for intravenous use, isotonicrty and pH should be adjusted 
by known procedures to normal body values before administration. A single layer of coacervate matrix and/or 
film encapsulates the composition. If desired, in accordance with a preferred method, the finished product can 

10 be subjected to film encapsulation procedures repeatedly to produce concentric films of any desired 
thickness. Each film can contain no additional physiologically-active component or each can contain a desired 
concentration of any physiologically-active component, same or different 

While It Is preferred that the microparticles of the finished products of this Invention be 1 micron or less, 
particularly when administered parenteralry, there are conditions, such as for oral administration, when 

15 microparticles of this Invention are 2 microns or more In size. 

In accordance with one embodiment of the present invention, any appropriate non-toxic coacervate 
composition containing one or more polymerized surface active agents, particularly polymerized albumin 
and/or polymerized lecithin can be used In the manufacture of the drug delivery compositions of the present 
Invention. The coacervate-enveloped compositions of the present Invention Incorporate non-toxic 

20 endogenous or exogenous surface-active agents, derivatives thereof and/or combinations of surface-active 
agents or derivatives. 

In the preferred formulation, polymerized albumin comprises one component. The lecithin that Is used In this 
method may be monomeric or polymerized. One method by which lecithin can be polymerized is as follows: 
Remove one or both of the fatty acids of lecithin by hydrolysis. This step results In a free hydroxyl group on 
25 each lecithin molecule. This in turn produces a lecithin composition that lends Itself to polymerization by 
customary techniques. 

To achieve the full advantage of the present Invention, when polymerized albumin is used, the polymerized 
albumin should contain from two to six albumin molecules. Longer molecule chains may be used but are not 
preferred. To achieve the full advantage of the present Invention, the weight average molecular weight of the 

30 polymerized albumin, when used In this Invention should range from about 200,000 to about 300,000, 
preferably from about 200,000 to about 280,000. Compositions of greater or lesser molecular weight may also 
be used. The albumin component can be derived from any acceptable, endogenous, exogenous, or synthetic 
source including genetically engineered sources. The lecithin may be derived from any suitable non-toxic 
source. In the practice of this Invention, any acceptable phospholipid can be substituted for lecithin. In such 

35 case the phospholipid may be monomeric or polymerized. To achieve the full advantage of the present 
invention, when polymerized lecithin used in the method and compositions of the present Invention, the 
polymerized lecithin should contain three to four linked lecithin molecules and has a weight average molecular 
weight of about 1600 to about 3200, preferably about 2500. Shorter or longer chain phospholipids also may be 
used. 

40 In preparing the red blood ceil substitutes (resuscitation fluids), It la preferred that a reducing agent be 
added to the product in the process of manufacture. 

Depending upon the finished product to be produced, the pharmaceutlcally-active component may be an 
oxygen carrying molecule, an oxygen solvent molecule, hormone(s), water soluble drugs) water Insoluble 
drug(s), blologlcal(s), a water sensitive drug(s), a peptide(s), an enzyme(s), and the like, either singly or in 

45 combination. The active component Is Incorporated In the composition during the manufacturing steps In that 
quantity that will provide the desired clinical amount. Thus, for example, in the case of drugs, this will be the 
dose given in the Physician's Desk Reference plus five to fifteen percent. If desired, greater or lesser amounts 
of any given drug may be used to meet specific medical requirements. In the case of the inclusion of hemoglo 
bin, the preferred quantity is that amount that will produce fourteen percent hemoglobin In the finished 

50 product Greater or lesser quantities of hemoglobin may also be used depending upon the end use of the 
finished product, if desired, a sterol, such as cholesterol, and/or urea preferably about 0.1 <H> to 3<W> may be 
Included in the composition to formulate red blood cell substitutes. 

Any composition of this invention to be administered orally can be formulated to any dosage, e.g., capsules, 
tablets, syrups, emulsions, suspensions, mlcroemulsions, and the like. 

55 When preparing the Intravenous red blood cell substitute of this Invention, the basic method Is followed. 
Additional steps are used, however, to adjust the pH, viscosity, and isotoniclty of the preparation, when 
necessary, to approximate the values of whole human blood. In the method of this Invention that prepares 
parenteral products, the pH Is adjusted to approximately 7.4. The oral drug compositions of this invention 
require no adjustment of pH, viscosity or Isotoniclty. pH adjustment, however, Is preferred. Manufacture of all 

60 preparations of this Invention are preferably made under sterile conditions. 

In accordance with another embodiment of the present invention, a composition comprising a non-toxic 
perhaiogenated compound and a non-toxic two-phase coacervate aqueous system is utilized to prepare 
medically-useful products for oral or parenteral introduction into the body. The coacervate-based composition 
can be used to soiubillze and stabilize physiologically-active compounds. In order to facilitate delivery of 

65 medically-useful products, such as a resuscitation fluid, an oxygen-carrying contrast medium, or a 
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pharmaceutical. Into medic*] patients. 

The perhaJogenated compounds that are useful In the present Invention Include organic compounds such 
as hydrocarbons, ethers and/or amines, having essentially aJI of the hydrogen atoms of the organic compound 
replaced by a halogen atom, such as fluorine, tedfrte, chlorine or bromine. Of particular Interest are the 
perfluortnated and perfluorolodlnated compounds, especially the perftjorohydroca/toorts and perfhio- i 
roamines. or hydrocarbons and amines having essentially all of the hydrogen atoms replaced by fluorine 
atoms. 

To prepare the red blood ceH substitute, the following method Is used: to 100 mis of a 3t»t solution of 
monomeric lecithin, add 10 gms of stroma-free hemoglobin and, if desired, also add 0.1<Vb cholesterol. If 
cholesterol Is used first It should be dissolved Into the surfactant, e.g., lecithin, such as wtth the aid of a 10 
solvent, e.g., n-butyl alcohol. The quantity of the hemoglobin component can vary from 1<K> w/v to 2CW» wN. It 
desired, modified hemoglobin may be substituted In the same quantities for stroma-free hemoglobin. In 
addition, hemoglobin encapsulated wtthln liposomes may be substituted for the preferred stroma-fme 
hemoglobin. It Is preferred that a reducing agent and/or an antioxidant such as reduced nicotinamide adenine 
dfnucleotide phosphate (NADPH), or reduced nlcatlnamlde adenine dtaucleotide phosphate (NADH), or 16 
glutathione, or dextrose, or ascorbic acid or other known non-toxic antioxidants be added as the next step. 
Appropriate combinations of reducing agents also may be used, If desired. If added, such compounds are 
added in such quantity as will prevent the oxidation of the hemoglobin component; gentrsJty trace amounts up 
to about 3 molar percent based upon the molar amount of hemoglobin. To achieve the fuH advantage of the 
present Invention, the reducing agent should be included In an amount of from trace amounts to 0 mllltmotes so 
per mole of hemoglobin. Acceptable composrttcna may be prepared wtthout the use of reducfrig agents. 

Following this step add 20 gms of either monomeric or polymerized albumin. The poJymertnd form la 
preferred. The resulting composition then Is processed by means of a colloid mffl and/or a rrricrofluldlxer for 
about 10 minutes. During this processing step add a polymerization Initiator, e.g., a solution of 
1-ethyV3-dimethyl-amlnopror^-<arbodHmlde of about tOQto added during colloid milling and/or microfluWtring 25 
for In-altu polymerization of the albumin during processing of the composition. The quantity of polymerttallon 
initiator may range from about 0.1<Vb to about 204b based on the total weight of the composition. Following this 
processing step the product is stored from about 4 to about 12 hours at a temperature that may range from 
about 4° C to about 10° C. The Internal phase (particles) are separated from the aqueous system by known 
filtering or separation means and washed with sterile saltne solution. The particles then are dispersed m 30 
physiological saline solution. 

The pH of the preparation Is adjusted, If necessary, to approximate that of whote human blood. Addition of 
HCI or NaOH may be used for this purpose, Isotonterty of the product Is adjusted, If necessary, to approximate' 
that of whote human blood. This may be accomplished by the addition of appropriate amounts of any of the 
following: electrolytes present in human plasma, normal physiological saflne solution, Ringer's solution, or any 36 
other suitable composition. 

Next, adjust the viscosity of the product so that It approximates the viscosity of whole human blood, for 
example, by the addition of water to decrease the viscosity, or by adding any non-toxic, physiologically-accept- 
able hydrophlilic colloid, such as albumin or pectin, to Increase the viscosity. On completion of this step the 
product comprises a mlcroemulaion that consists of microencapsulated particles containing the hemoglobin 40 
component. It should be emphasized that this method encapsulates hemoglobin more efficiently than that of 
the inventor's previously disclosed encapsulating techniques. 

At this stage of manufacture the product may be used as a red blood call substitute (resuscitation fluid) 
provided that It Is first filters? to remove all extraneous matter and ail particles that exceed 1 micron In size In 
any dimension. 45 

It Is preferred, however, that the filtered product be processed further using either a chemical process 
based on a crossttnWng agent, such as gluteraJdehyde, or a physical processing step such as heat. The 
heating step Is preferred and consists of heating the preparation for about 2 minutes at a temperature that may 
range from about 50° C to about 70* C. The duration of the heating step may be more than 2 minutes or less 
than 2 minutes depending upon the desired degee of particle(s) surface film structuring. While temperatures SO 
less than 60 degrees Centigrade are feasible for this purpose, they are not preferred. A combination of 
crossllnking and heating for film hardening also can be used. 

Depending upon the time and temperature used in the the heating step, the encapsulating surface fUm 
produced by this step will range from gel-like to rigid In character. Following this step the resulting 
composition is filtered to remove all extraneous matter and any microencapsulated particlee that exceed 1 56 
micron in size In any dimension. The finished product of this Invention can consist of particles wtth a single 
degree of surface film hardness or, alternatively, can consist of particles of mixed surface film hardnesses. The 
desired quantity of said particles can be added to any appropriate physiological fluid. As such It will then 
comprise a product suitable for intravenous administration as a red blood cell substitute (resuscitation fluid). If 
desired, the microencapsulated particles may be used in much the same manner as packed red blood oeHs. If 60 
desired, the product may be lyophlllzed or otherwise dried using conventional techniques. The dried 
composition may be reconstituted as needed using an appropriate physiological fluid either as a blood 
substitute or as a perfusion fluid. 

This invention provides for several alternative methods of preparing an intravenous red blood cefl substitute. 
One alternative consists of the following steps: prepare polymerized albumin by addtng 1 ethy4-3-tfmethyVaml- 68 
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nopropyt-carbodlimlde (EDC) to a solution of monomeric albumin in an amount sufficient to produce a 
concentration of S.OVo w/v EDC in the product Process in a colloid mill and/or a microfluidizer for about 10 
minutes. Next, store the product at about 4° C for about 10 hours. Next, mix a 104b w/v solution of 
pyridoxHated polymerized hemoglobin in an amount sufficient to achieve a hemoglobin concentration of about 

5 10XVb by weight of the surfactant-water composition and, If desired, add about 2 milllmoles of NAOPH into the 
product and process In a colloid mill and/or a microfluidizer for about 10 minutes; following this step, mix a 
solution of polymerized lecithin into the solution In an amount sufficient to provide a polymerized lecithin 
concentration of about 8°to by weight of the solutton and process again In a colloid mill and/or a microfluidizer 
for about 10 minutes. Next, adjust the pH of the product to that of whole blood using HCi or NaOH as 

10 necessary. Following this step, adjust the isotonlclty using plasma electrolytes In such concentration as will 
give the product the isotonlclty of whole human blood. Adjust the viscosity as the next step so that the 
viscosity approximates that of whole blood. At this stage of manufacture the product may be used as a red 
blood cell substitute (resuscitation fluid) provided that it is first filtered to remove all extraneous matter and all 
particles that exceed 1 micron In size In any dimension. It Is preferred, however, that the filtered product be 

15 processed further using either a chemical process based on a non-toxic crossllnking agent, such as 
gluteraldehyde, or a physical processing step, such as heat. The heating step is preferred and consists of 
heating the preparation for about 2 minutes at a temperature that may range from about 50° C to about 70° C 
producing a film that can range from gel-like to rigid in character. Following this step, the resulting composition 
is filtered to remove all extraneous matter and any microencapsulated particles that exceed 1 micron in size in 

20 any dimension. The finished product of this Invention can consist of particles with a minimal degree of surface 
film hardness or, alternatively, it can consist of particles of mixed surface film hardnesses. The desired quantity 
of said particles can be added to any appropriate physiological fluid. As such it will then comprise a product 
suitable for intravenous administration as a red blood ceil substitute (resuscitation fluid). If desired, the 
microencapsulated particles may be used in much the same manner as packed red blood ceils. If desired, the 

25 product may be iyophilized or otherwise dried and reconstituted with any appropriate physiological fluid. 

In accordance with another important embodiment of the present Invention, the coacervate-based, 
hemoglobin-containing compositions of the present Invention can be used as a perfusion fluid for preventing 
degeneration of an organ or tissue used for transplantation or replacement of the organ or tissue for a 
mammal. When used as a perfusion fluid, the hemoglo bin-containing active compound, e.g., hemoglobin, 

30 stroma-free hemoglobin, pyridoxilated polymerized hemoglobin and/or modified hemoglobin, should be 
present In the coacervate composition In an amount of 0.5°fo to 30<W> by weight of the coacervate composition, 
preferably 1<Vb to 2QWo by weight of the coacervate composition. The coacervate-based perfusion fluids of the 
present invention are useful with or without a hemoglobin component and can be used in ambient air or may be 
oxygenated for additional oxygen transfer to the tissue or organs. The coacervate-based perfusion fluid Is 

35 capable of maintaining tissue and organs viable for up to at least 15 days and sometimes up to 30 days 
whereas prior art perfusion fluids generally are capable of sustaining tissue viability for only about 8 to 10 
hours. 

Another alternative coacervate-based intravenous red blood cell substitute using the methods of this 
Invention comprise the following steps: 

40 Mix 10<Vb w/v of stroma-free hemoglobin Into a solution of polymerized lecithin of about 20<Wa concentration. 
Process the product In a colloid mill and/or a microfluidizer for about 2 minutes. Mix ascorbic acid of at least 
0.1 gm per 100 ml of solution and an amount equal to 10<W> w/v (100 units/cc. In the finished product) of 
polymerized albumin Into the product and process the resulting product In a colloid mill and/or a microfluidizer 
for about 5 minutes. Next, store the product for about 10 hours at 4° C. Adjust the pH of the preparation after 

45 the period of storage to about 7.4 using HCI or NaOH as necessary. Following this step, add electrolytes 
present In human plasma In such amount as will give the product the Isotonlclty of whole human blood. Next, 
adjust the viscosity of the product so that It approximates the viscosity of whole human blood. On completion 
of this step, the product comprises a mlcroemulsion that consists of microencapsulated particles containing 
the hemoglobin component At this stage of manufacture the product may be used as a red blood cell 
. so substitute (resuscitation fluid) provided that it is first filtered to remove all extraneous matter and all particles 
that exceed 1 micron In size In any dimension. It Is preferred, however, that the filtered product be heated for 
about 2 minutes at about 70* C. The product then is filtered to remove alt extraneous matter and all 
microencapsulated particles which exceed 1 micron In any single dimension. After this step, the product may 
be used as an Intravenous blood substitute or stored preferably at 4° C until needed. 

55 In accordance with another important embodiment of the present invention, the coacervate-based, 
hemoglobin-containing compositions of the present invention can be used as a perfusion fluid for preventing 
degeneration of an organ or tissue used for transplantation or replacement of the organ or tissue for a 
mammal. When used as a perfusion fluid, the hemoglobin-containing active compound, e.g., hemoglobin, 
stroma-free hemoglobin, pyridoxilated polymerized hemoglobin and/or modified hemoglobin, should be 

60 present In the coacervate composition In an amount of 0.5<Wa to 30<Vb by weight of the coacervate composition, 
preferably 1% to 20<Wd by weight of the coacervate composition. The coacervate-based perfusion fluid is 
capable of maintaining tissue and organs viable for up to at least 15 days and sometimes up to 30 days 
whereas prior art perfusion fluids generally are capable of sustaining tissue viability for only about 8 to 10 
hours. 

65 While the processes described above use hemoglobin as the active component and yield Intravenous red 
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blood call substitutes, this Invention, as noted previously, enables the use of any medlcaBy useful compoanton 
as the active component to prepare compositions that can be administered vta pare/rterei, oral, transdermal. 
transmucosaJ and Inhalation routes. 

Also, writte the size of the particles of the injectable or parenteral red blood oeO substitute snoOd bm 1 
micron or less In size in any diameter, there are other embodiments of this Invention in which the particfe size * 
comprising the composition can be more than 1 micron end further, in specific Instances of this tnvenSon 
desirable compositions will ba comprised of a combination (s) of particles wtth differing sines; I.*., a given 
percentage of the particles will be 1 micron or less ki size and the remaining percentage of pertfctoa will be 2 
microns or mors. Percentages and partlcie sizes wiH vary depending upon the specific formulation and the 
specific drug or combination of drugs used in the formulation. w 

In the preferred embodiment of an orally administered composition of this Invention, the fo&onMng process is 
used. 

More specifically, warm a mixture of 7.5 gms of monogryceride and 7.5 gms of dJgtyceride at from 65-70* C 
until a clear solution of the mixture is produced. 

Unequal proportions of these gtycerides may be used, but are not preferred. Equal or unequal proportions 15 
of mono-, di- and triglycerides also may be used. However, this mixture is afeo not preferred. Whan the 
wanning step Is completed the pharmaceutical component to mixed into the solution. The product of this step 
is subjected to a spray drying step while the product is gradually cooled. The product resulting from this step 
will be a powder comprising particles containing the pharmaceuticaJ component. 

The next step Is designed to coat the particles with a coacervate film. The procedure Is as follows. Make, a SO 
suspension of the powder referred to above In 100 mis of water containing 10 gms of poiy merteed albumin end 
10 gms of monomelic lecithin. Stir the composition for about two minutes. Add an appropriate aicohot 
dropwtse. n-butyl alcohol Is preferred, until a coacervate forms and coats the particles wtth a coacervate film, 
stirring during the addition of alcohol and afterward to Insure that coacervate encapsulation of the parti ctea 
continues for from 1/2 to 3 hours. The product then Is stored for from 12 to 24 hours at about 4* C. The 85 
composition can be further mlcrofluldlzed after encapsulation to further reduce the particle size, regardJesa of 
the number of films applied over the particles. 

Following the storage step, the particles are separated from its liquid vehicle by filtration or other Known 
appropriate methods and dried using any of the conventional drying techniques. This method yiaide a finished 
oral medically useful product comprised of a coacervate encapsulated prtamiaceuttcaJty-^ctivs component so 

tf desired, the product referred to above can be processed further to produce a sustained release 
composition. This may be accomplished by arty of several methods including application of heat, use of a 
cross-linking agent, such as giuteraldehyde, or covering the encapsulated product wtth one or more additional 
layers of coacervate film. The additional layer(s) of coacervate fHm ie preferred. The additional layers can 
contain the same or different physiologically-active compound in a concentration of about 0.5% to about 50% 35. 
based on the weight of the film, or may contain no additional physloioglcally-active component. 

The procedure Is as follows. Make a suspension of the powder referred to above In 100 mis of water 
containing 10 gms of polymerized albumin and 10 gms of monomeric lecithin. Stir the competition for about 2 
minutes. Add n-butyl alcohol dropwtse until a coacervate forms and coats the particles wtth a coaoervate fHm, 
stirring during the addition of alcohol and afterward to Insure that coacervate-encapsulation of the particles 40 
continues for from 1/2 to 3 hours. The product la then stored for from 12 to 24 houre at about 4° C 

Following the storage step, the particles are separated from their liquid vehicle by filtration, sieve or other 
known appropriate methods and washed and dried following any of the conventional drying techniques. 
Repeating this procedure will add an additional coacervate layer (film) containing no additional 
physiologjcalty-active compound to the composition. The additional layers (films) can Include one or more 46 
phamu&euticaJty-active component together with the coaoervate-based encapsulating film tf added to the 
coacervate composition, or may contain no additional physiologlcalty-active component, as desired. This 
process may be repeated as often as requfrejd to produce one or more additional layers (films) wtth 
corresponding sustained release effects and/or containing any combination of active components. The 
particular active Ingredient (a) and quantities of the active ingredient(s) within each layer can be varied to meet 30 
dosage requirements. 

if desired, the structure of the surface of any of the layers referred to above oan be hardened by applying 
heat to the product at a temperature and duration that wtfl not adversely effect the activity of the pharmaceutic 
component. Any non toxic denaturing or polymerizing agent can be used In place of heat, H the heeling step Is 
Incorporated In the described method, the release of the active component wtfl be extended over a greater 56 
time period. It should be noted that In preparing the sustained release products of this Invention, any single 
procedure or combination of procedures may be used provided that such procedure does not compromise 
the actMty of the pharmaceutteaJ component. 

The particle size of the oral form of the composition of this Invention can be any size suitable for the optimal 
delivery of the Incorporated pharmaceutical component (3). The herein described oral formuJaHon can be used 60 
in any of the known dosage forms such as tablets, capsules, syrupa, capiets, powders, end the lata. 

An alternative formulation for an orally administered medical composition uses the fotawtna method. i> this 
method, any non polar volatile, organic solvent may be used. In this Instance carbon tetrachloride b the 
solvent. However. It must be emphasized that In the use of such aotoentt, ait trace© of this ccrnpanarrt must be 
removed In one of the rranutactxiring steps before procee<friQ to produce the frtehed product The process le 6$ 
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as follows: mix 10 gms of lecithin In 10cc of carton tetrachloride; this win result In a clear solution. Add the 
pharmaceutical component Into the solution (e.g.. 5 gms of erythromycin) and mtx thoroughly. Using any 
appropriate method, I.e., spray drying, distillation or the like, process the product to remove the carbon 
tetrachloride. Spray drying Is preferred. This process will yield powder-like particles comprised of lecithin and 

5 the pharmaceutical component encased in the lecithin matrix. 

The next step is designed to coat the particles with a coacervate film. The procedure Is as follows. Make a 
suspension of the powder referred to above In 100 mis of water containing 10 gms of polymerized albumin and 
10 gms of monomeric lectthln. Stir the composition for about two minutes. Add an appropriate alcohol 
dropwise, n-butyl alcohol is preferred until a coacervate forms and coats the particles with a coacervate film, 

10 stirring during the addition of alcohol and afterward to insure that coacervate encapsulation of the particles 
continues for from 1/2 to 3 hours. If desired, the same or a different pharmacologically-active component can 
be added to the aJbumln-lecrthln solution for Incorporation Into each additional film layer. The product then Is 
stored for from 12 to 24 hours at about 4° Cv 
Following the storage step, the particles are separated from its liquid vehicle by filtration or other 

75 appropriate means and dried using any conventional method. This yields a finished oral product of the 
pharmaceuttcaJly-actfve component coated with a coacervate-based film. The product can be used to prepare 
capsules or reconstituted with an appropriate Hquld(s), e.g., syrup, to produce a product with the desired 
clinical dose. 

if desired, the product referred to above can be processed further to produce a sustained release 

20 composition. This may be accomplished by any of several methods including application of heat, use of a 
cross-linking agent such as gluteraidehyde, or covering the encapsulated product with one or more additional 
layers of coacervate film. The additional layer of film Is preferred, and any of the additional layers can be 
hardened for sustained release. It Is preferred that the final layer not be hardened for prompt release of any 
active component contained therein. 

25 The procedure Is as follows. Make a suspension of the powder referred to above in 100 mis of water 
containing 10 gms of polymerized albumin and 10 gms of monomeric lecithin with or wtthout 0.5% to SOfVo w/v 
of any physiologically-active compound. Stir the composition for about 2 minutes. Add n-butyl alcohol 
dropwise until a coacervate forms and coats the particles with a coacervate film, stirring during the addition of 
alcohol" and afterward to insure that coacervate-encapsulation of the particles continues for from 1/2 to 3 

30 hours. The product is then stored for from 12 to 24 hours at about 4° C. Longer contact of the particles with the 
coacervate, while stirring, provides thicker films for control of film thickness and control of the amount of the 
active compound, if any, contained therein. 

Following the storage step, the particles are separated from the liquid vehicle by filtration, sieve or other 
known appropriate methods and dried using any of the conventional drying techniques. This procedure will 

35 add a coacervate layer (film) to the composition; said layer (film) comprising the pharmaceuticaJly-active 
component, If any, and the coacervate-based encapsulating film. This process may be repeated as often as 
required to produce one or more additional layers (films) with corresponding sustained release effects. The 
quantities of the active Ingredlent(s) within each layer can be varied to meet dosage requirements. 
If desired, the structure of the surface of any of the layers referred to above can be hardened by applying 

40 heat to the product at a temperature and duration that will not adversely effect the activity of the pharmaceutic 
component. Any non toxic denaturing or polymerizing agent can be used In place of heat. If the heating step is 
incorporated In the described method, the release of the active component will be extended over a greater 
time period. It should be noted that In preparing the sustained release products of this Invention, any single 
procedure or combination of procedures may be used provided that such procedure does not compromise 

45 the activity of the pharmaceutical component. 

The particle size of the oral form of this alternative can be any size suitable for the optimal delivery of the 
incorporated pharmaceutical component(s). The herein described oral formulation can be used in any of the 
known dosage forms such as tablets, capsules, syrups, caplets. powders, and the like, 
it is preferred that both the matrix containing the physiological iy-active component(s) and the film that 

50 encapsulates it be coacervate derived or based. However, if desired, the matrix and/or film may be comprised 
of a non-coacervate composition. For example, the film may be comprised of such materials as glycerides. 
camuba wax or sugar, and the like, if a sugar coating Is to encapsulate the matrix, the particles comprised 
principally of matrix containing the active compound are dispersed In thick sugar syrup and the composition Is 
mixed rigorously for from 30 seconds to 5 minutes or more depending on the desired film thickness. Following 

55 this step, the particles are separated from the vehicle by filtering if a consistent size particle is desired or 
centrifuged or by any other acceptable conventional process. If a non-coacervate based matrix is desired, the 
following method is used (See method for Inhalation composition.) The film in such case will be coacervate 
based. 

As noted previously, this Invention provides for modifications of the basic formulation. Such modifications 
60 produce medically useful compositions which can be used either transdermalty or transmucosally. These 
formulations Involve processing the preferred oral composition to produce a gel. 

When applied transmucosally, (i.e., intranasaily or rectally), the gel composition of this invention adsorbs 
onto the mucous or rectal membranes and Is absorbed therein through the mucosal tissue to the blood 
stream. The active component Is released from the gel and is absorbed by the membranes, passing into the 
65 blood stream by way of the capillaries. The gel composition can be prepared In forms that provide for 
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immediate release, sustained release or any combination thereof. The quantity of drug Incorporated can be 
varied according to medical requirements. Only those active components which are Intrinsically irritating to the 
nasal or rectal membranes are not desirable for incorporation in the gel. 

Preparation of the gel can be accomplished, as an example, by mixing additional albumin, or pectfft or 
combinations thereof Into the oral formulations. Accordingly, hydrocoHolds, particularly bfoadheahve 6 
hydrocollolda, such as albumin and pectin, are added after the oral formulation has been completed to 
formulate the gel. 

The gel composition can Incorporate non polar drugs. These may be further subclassrfted aa drugs or other 
physlologlcaJly-acttve compound(s) which are heat sensitive and drugs or other physloiogteally-aoUve 
compound(s) which are heat stable. Thus, erythromycin Is an example of a heat stable composition; Insufth is 10 
regarded as a heat sensitive composition. In the process of this Invention, heat stable drug preparations can 
be "fixed", I.e.. the encapsulating film can be hardened or structured In the manner described. On the other 
hand, heat sensitive drug preparations can be structured by the application of physical techniques such aa 
radiation or physlcochemical means, such as n -butyl alcohol which form a coacarvate and then an 
encapsulating film of the composition. 1B 

The process to prepare the gel Is based on any of the oral preparations described above. It Is preferred 
however, to use the above-described example method Incorporating the mono and dl glyoeritie components. 
More specifically, warm a mixture of 7.5 gms of monogryceride and 7.5 gms of dlglycertde until a dear solution 
of the mixture is produced. 

Unequal proportions of these glyceridea may be used, but are not preferred. Equal or unequal proportions 20 
of mono-, dl- and triglycerides also may be used. However, this mixture Is also not preferred. When the 
warming step Is completed the pharmaceutical component Is mixed Into the Solution. The solution then" la 
subjected to a spray drying step while the product Is gradually cooled. The product resulting from this step will 
be a powder comprising particles containing the pharmaceutical component. 

The next step Is designed to coat the particles with a coacarvate film. The procedure Is as follows. Make a 26 
suspension of the powder referred to above In 100 mis of water containing 10 gms of polymerized albumin and 
10 gms of monomelic lecithin. Stir the composition for about two minutes. Add an appropriate alcohol 
drop wise, n-butyl alcohol Is preferred, until a coacarvate forms and coats the particles with a coacarvate flm, 
stirring during the addition of alcohol and afterward to Insure that coaoervate encapsulation of the parttdlea 
continues for from 1/2 to 3 hours. The product Is then stored for from 12 to 24 hours at about 4° O. 3d 

Following this step, the composition Is processed through cerrtrifugatlon, sieving or other appropriate 
separatory techniques to separate the coacarvate drug particles from Its vehicle and to retain particles having 
a gel-like surface. Following this step, a btoadhesrve hydrocolloid, such as albumin or pectin of any appropriate 
combination thereof, Is mixed Into the composition. The quantity of albumin that may be used ranges from 
about 2% w/v to about 20% w/v; the range of pectin that may be ueed also ranges from about 2% w/v to 36 
about 20% w/v. 10% w/v of pectin Is preferred. The pH of the preparation Is adjusted to about 7.4 by the 
addition of HCI or NaOH, as required. 

In the case of heat unstable drugs, and the like, the process described above la modified. Following the 
coating step the composition Is stored at room temperature for about 24 to 72 hours. After this period, the 
composition may be used or the composition may be heated at from 40 to 50° C until the particles assume a 40 
soft get-Jike character. It is preferred that following the coating steps the preparation can be processed by the 
dropwlse addition of a suitable protein denaturing agent, such aa ethyl alcohol, n-butyl alcohol, I so propyl 
alcohol, and the like, until the structure of the Interfaces of the particles range from soft geUike to seml-eolld. 
N-butyl alcohol is preferred. 

If desired, a sustained release effect for this composition is achieved by subjecting portions of the product 45 
to heat, a cross-linking agent or radiation or combinations thereof. Heat is preferred. The following procedure 
Is provided as an example. 20% of the composition is not heat treated. 20% Is heated at 70° C for 40 seconds ; 
20% Is heated at 66* C for 60 seconds and the remaining 20% Is heated tt 60" C for 90 seconds. The point to 
be made Is that the exact combination of heat and time depends upon the specific drug being used and the 
desired schedule of drug release. 1 A) 

Mlcropartlclee comprising the transmucoaal products can range from less than 1 micron to 6 microns or 
more In size. Particles less than 1 micron In size are preferred. The quantity of drug or other active agent to be 
Incorporated Into the composition Is determined by medical considerations and can range from 1/2 of the 
convention oral or Intravenous dose to four times the conventional dose. 

After the composition Is produced, e.g., normal or sustained release or combinations of normal and 66 
sustained release, the composition Is placed in any dosage form suitable for nasal or rectal administration. 

The process used to produce the transmucosal gel Is used to produce the transdermal gel except that the 
adjustment of the pH Is not required. In this embodiment, the drug or combination of drugs Is sequestered or 
otherwise incorporated In a coacervate-based composition comprised of microencapsulated partioies which 
range from seml-llquld to gel-like In structure. The composltlon(s) may be applied directly to the skin In such 60 
forms as ointments or gets and Incorporated in a cellulose based patch or a suitable container. In the preferred 
mode, the composition Is placed In a container and used In conjunction wfth an appropriate sonlfler. By thts 
technology an unexpected degree of drug absorption by the skin Is achieved. Moreover, the transdermal gel 
and sonlfler permits any scheduled administration or emergency administration as required. 

While transdermal methods of drug administration are known, the Itttrature does not reveal a technique In 69 
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which a coacervate-based microencapsulated composition Is used In conjunction with a sonffler. In this 
embodiment of the invention, use of a sonifier produces a local cavttational effect In the skin and In underlying 
tissue fluids, the net effect of which is to make the skin more permeable to the drug(s) being administered and 
to make the drug more available to the underlying tissues, Including the capillaries and microcirculation. The 
5 cavttational effect Is Induced when Bonification Is applied and is ended when Bonification Is terminated. The 
application of the sonifier permits Intermittent increases In skin permeability to administered drugs as 
required. 

in the preferred practice of this Invention, the finished product, e.g., the coacervate-based gel containing 
the medication required for either single or multiple doses, is placed in a suitable, leak proof container 

10 approximately the size of a wrist watch. The bottom of the container should be made of a semi-porous or 
microporous support layer, e.g., a cellulose layer. The sides and top of the container should be made of plastic 
or other suitable non toxic material. The top of the container should have an opening large enough to contain 
the head of a hand held sonifier such as NOVOPHON (manufacturer: Elredge Resources). Any suitable 
sonifier presently used for physical therapy can be used in accordance with this embodiment of the present 

75 invention. The container should be constructed such that a thin layer of either aluminum foil or plastic or other 
composition suitable to transmit the sonifier effects to the medication and the skin is placed between the 
medication and the sonifier head. The medication is administered transdermal^, as required by placing the 
head of the sonifier in the container and activating the sonifier for the time necessary to administer the 
prescribed dose of medication. 

20 Presently available transdermal patches are characterized by a continuous straight line release of the drug. 
This has been shown to be problematic with drugs such as nitroglycerin. In addition, such release is 
Inconsistent with the body's normal release of hormones, enzymes and the like. Thus, by way of Illustration, the 
body normally secretes very small quantities of Insulin throughout the day. Upon ingestion of food, however, a 
surge of insulin Is released. This Invention permits a virtual duplication of such release phenomena not only for 

25 endogenous compositions but for medically useful exogenous compounds as well. In addition, this invention 
enables transdermal administration of medication according to any medically prescribed schedule. 

This Invention differs importantly from Zeffarone (U.S. patent No. 4,567,723) in that in his techniques a rate 
controlling membrane Is used and Is limited to drugs which show natural diffusive flux. No such features and 
limitations are present in this embodiment of the present Invention. Ariura (U.S. patent No. 4,474,570) uses 

30 iontophoresis as the driving force. However, the Ariura device produces an unacceptable degree of heat In Its 
operation. The present invention does not generate unacceptable heat; its driving force not only differs but its 
effect upon the skin differs from that of iontophoresis. The U.S. patent of Slballs (4,557,723) describes an 
electrophoretlc technology but also Identifies the problems with known transdermal delivery devices. The 
Slballs technology Is fundamentally unrelated to the transderrnaJ-sontfler embodiment of the present Invention. 

35 Slballs relies upon battery supplied electrical current which battery must be changed according to different 
flow requirements. Slballs simply refers to a medicament. In the Ecanow patent, medications are encapsulated 
in coacervate-based films. The herein described use of localized sound waves as opposed to electrical current 
Is an unobvlous modification in that in the herein disclosed use, sound waves produce an effect on the skin 
and tissue fluids of the site that renders the site more permeable to drugs within the coacervate compositions. 

40 Sibalis and others who have described transdermal inventions do not disclose such properties. 

Embodiments of the disclosed transdermal composition may be comprised of a matrix of hydrated 
hydrophilic colloids of which coacervate compositions comprise one class of such colloids. Gels constitute 
another class. Other compositions that could be used to provide the substrate for the medicament in this 
Invention include any gelled silicon media, petrolatum and the tike. In this Invention, a gel based upon any 

45 acceptable coacervate formulation is preferred. Any of the described formulations which eventuate as oral or 
parenteral products of this disclosure CJ^ c Sflnstitute the basis for preparing the transdermal product. 
Medications that can be Incorporated In ttiS I §SPhr transdermal administration include enzymes, blologicals, 
drugs and other useful medicaments. In short, any medically useful molecule capable of penetrating the skin 
may be used In this invention. Use of the sonifier in conjunction with this composition acts in an unexpected 

50 manner to Increase the rate of transdermal passage. 

The method to produce a coacervate-based inhalant composition, as another embodiment of the present 
invention for administration of any suitable medication Is as follows: 
A method to prepare an Inhalant medication is as follows: 

Heat a mixture of about 7.5 gms of monogtyceride and about 7.5 gms of diglyceride at a temperature of from 
55 70 to 75° C until a clear solution of the mixture is produced. Mix the desired amount of the pharmaceutical 
component into the solution. Next, process the product by means of a spray drying step to produce a powder 
form of the product. Next, make a suspension of the powder in 100 mis of water containing 10 gms of 
polymerized albumin and 10 gms of monomelic lecithin. Stir the composition for about two minutes. Add an 
appropriate alcohol dropwise. n-butyi alcohol is preferred. During the addition of alcohol the product should be 
60 stirred gentry until a coacervate forms and coats the particles with a coacervate film, to Insure that coacervate 
encapsulation of the particles continues for from 1/2 to 3 hours. After this step, adjust the pH to about 7.4 and 
if desired, and store for from 12 to 24 hours at about 4° C. 

Following the storage step, the particles are separated from the liquid vehicle by filtration or other 
appropriate means. The particles are process ed using a colloid mill and/or a microfiuldlzer and sieving or 
65 other filtering procedures to produce particles which are 1. micron or less In size. After this step, the quantity of 
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particles necessary to produce thq required dose le mixed Into any appropriate fluid, such as the liquid vehicle 
separated from the parpciea. The product comprises an Inhalant medlcattjpn and Is administered t»y nebulizer 
or other mist spraying apparatus. 

The examples which follow are representative embqcjlments. They dq not cqnatltitfe the entire range qf 
medications that can be usee) In this Invention. £ 

EXAMPLE 1 

To 100 mis of a 10At} w/v solution of polymerized albumin add 10 gms qf stroma-free hemoglobin from any 
appropriate source. Next, add about 2 rriilllmoles qf glutathione and 8 gms qf monomerig lecithin to the 
composition. Using a oollotd mill anaVqr a mjcrofluldizer, process the product for approximately 2 mlnujaa. 1Q 
During this, prqceaslng step add 1Q^j of 1 ethyf-3 dimethyt amlnoprppyl (^rtjodiirnlp^ (RPCJ. Fallowing this 
processing step store the composition for 1? hours at 4° C. The pH of the composition {hep |« adjured 
through the use of HCI or NaOH to approximate, the, pH of normal whole bjgod. This adjustment is made priQf tq 
the step of colloid mill and/or a m|grof|qldizflr processing and after the period of stqrage. iBPtopicjty ajsg Is 
adjusted by adding plasma electrolytes in suph concentratipn as will approximate the Isgtpntolty gf vyfiQle ff 
human blood. This step Is taken following the period of storage. Adjustment of viscosity to apRrQxJm^t^ tha| of 
whole human blood Is made, after the period of storage. At this point, the product may pe gagg as a red blftqpj 
celt substitute, provided that It Is filtered to eliminate aJJ extraneous matter and ail parflplfta larger than 1 micron 
in size. It is preferred that the product t>e processed further using a heating step cj aligned tq ha/dan Vfr 
coacervate-based film that envelopes the parflcjeja) containing the hemoglobin component. In ths he$tjpg , 20 
step, the composition |s heated for 2 mlnutaa at 70 p C. Poilovylng thla step the pcmpoaiflbn la fi|turej|i to 
eliminate all extraneous matter and all particles larger than 1 micron In afce. Parflcjes qf 1 m|grpn or less than 
can be put into an appropriate, physiological fluid and transfused or atpred at 4° C ane* reconstituted as a red 
blood cell substitute (resuscitation fluid) using an appropriate physiological flujd. 

26 

EXAMPLE 2 

The procedure of Example 1 Is followed except that polymerized lecithin Is ijssd In plana Qf monQmerje 
lecithin. 

EXAMPLE 3 90 

The procedure of Examine 2 Is followed except that monomelic albumin Is used In place, of polymerized 
albumin. 

EXAMPLE 4 

The procedure of Example 1 1s followed but, In addition, the encapsulated mlcropartlcles are subjected to a 55 
lyophlltzjng process to produce a powder form of the composition that can be mixed Into an appropriate 
physiologic fluid as needed to produce a red blood cell substitute. 

EXAMPLE 5 

The procedure of Example 1 Is followed except that 10/Vb w/v of modified hemoglobin Is used In place of 40 
stroma-free hemoglobin and about 0,1% urea Is added. 

EXAMPLE 6 

The procedure of Example 1 1s followed except that the heating step consists of heating the composition at 
50° C for 1 minute. 45 

EXAMPLE 7 

The procedure of Example 1 Is followed except that stroma-free hemoglqpln encapsulated in llppsomes 
comprises the hemoglobin component. 

EXAMPLE 8 

Heat a mbrture of about 7.5 gms of monoglyoerize and about 7.5 gms of dlglycerlde at % temperature qf from 
70 to 75° C until a clear solution of the mixture Is produced. Mix 16 gms qf erythrqmycta IntQ the, glycate 
solution thoroughly. The objective of the next step is to convert the composition to a ppwgler form. Th|s may be 
accomplished by any conventional form such as spray drying. In this instance the warm product comprised of $5 
the grycerlde components and the erythromycin is gradually cooled to give a powder. The particle al?9 of the 
product following the spray drying will range from about ? microns to S0Q microns. The finished prpdgct may 
consist of a single size or combination of sizes. 

The next step fs designed to coat the particles with s cqecervate film. The procedure Is as follows. Make a 
suspension of the powder referred to above in 100 mis of water containing 10 gms of polymerized albumin and 6Q 
10 gms of mqnomeric lecithin. Stir the composition for about two minutes. Add an apprpprtata ajcgnql 
dropwise. n-butyl alcohol Is preferred, until a coacervate forms and coats the particles wtth a qpacervata ft|m, 
stirring during the addition of alcohol and afterward to Insure that coacervate encapsulation of the pa/tlclae 
continues for from 1/2 to 3 hours. The product Is then storac; for from M tp 24 hoqra at ftfHHjt 4° Q- 

Following the storage step, the particles are separated from tha liquid vehicle, by Attrition pr other 0? 
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appropriate means and dried using any conventional method. This yields a finished oral product of a 
coacervate coated phaxmaceutteafly-ecttve compon ent t coated wtth the coacervate-based film. The product 
can be used to prepare capsules or reconstituted wtth an appropriate liquid (s), e.g., syrup, to produce a 
product wtth the desired clinical dose. 

5 

EXAMPLE 9 

The procedure of Example 8 is followed, but In addition, the encapsulated mlcroparticles are subjected to a 
ryophiiteing process before prepared as capsules, tablets, or liquid preparations. 

10 EXAMPLE 10 

The process of Example 9 is followed except the product Is divided Into four portions. Portion 1 1s heated at 
50° C for 2 minutes; portion 2 is heated at 60° C for 2 minutes; portion 3 is heated at 65° C for 2 minutes; 
portion 4 is heated at 70° C for 1-1/2 minutes. After the heating step, the products are combined thereby 
forming a sustained release composition. 

15 

EXAMPLE 11 

The process of Example 9 is followed except that the finished, product of Example 9 is processed further by 
adding an additional coacervate (film) coat to the product as per the process of Example 9. The resulting 
composition comprises a sustained release composition with two release rates. 

20 

EXAMPLE 12 

The process of Example 11 Is followed except that 20<tt> of the finished product is processed to receive an 
additional coacervate (film) coat, two additional coats (Alms) are applied to SOQfo of the product, and 50QA> of 
the product comprises the original finished product of Example 11. The products are mixed together thereby 
25 comprising a composition with sustained release characteristics, I.e., three release rates. 

EXAMPLE 13 

The procedure of Example 8 Is followed except that regular Insulin is used In place of erythromycin and In a 
quantity that will yield a finished oral composition containing 40 units of insulin per dose. 

30 

EXAMPLE 14 

The procedure of Example 13 is followed except that regular Insulin Incorporated in liposomes Is used in as 
the active component 

35 EXAMPLE 15 

The procedure of Example 8 is followed, except that urokinase in an amount that will give unit dose of 50,000 
IU is used In place of erythromycin and the encapsulated mlcroparticles are subjected to a lyophlltzlng process 
to produce a powder which can be placed In capsules for oral use or used to reconstitute a liquid dosage form 
by using an appropriate liquid. 

40 

EXAMPLE 16 

The procedure of Example 8 is followed except that 15 gms of erythromycin encapsulated in liposomes is 
used.. 

45 EXAMPLE 17 

The procedure of Example 8 Is followed except that lldocaine is used In place of erythromycin and In a 
quantity that will yield a finished composition containing 1<Vb lidocalne/5 ml per unit dose. 

EXAMPLE 18 

50 The procedure of Example 8 Is followed except that 500 mgs of ftourourocll encapsulated In liposomes Is 
used as the active component 

EXAMPLE 19 

The procedure of Example 11 Is followed except that following the application of the additional coacervate 
65 coating to the product the composition then is heated at 70° C for 60 seconds. 

EXAMPLE 20 

The procedure of Example 8 is followed except that erythromycin is replaced with urokinase in an amount 
that will yield 50,000 IU of urokinase per unit dose. 

60 

EXAMPLE 21 

The procedure of Example 20 is followed except that the urokinase component Is encapsulated In 
liposomes. 

65 
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EXAMPLE 22 

This process consists of the following steps: prepare potymertzed albumin by adding 1 ethyl-G-dlmethyf- 
aminopropyf-carbodllrnlde to a solution of monomerto albumin In an amount sufficient to produee a 
concentration of &JDNo w/v EDC In the produot. Process In a colloid mffl and/or a mlcrofluldtzer tor about * 
minutes. Next, store the produot at about 4° C for about 10 hours. Mix Into the produot a solution of 6 
stroma-free hemoglobin to a concentration of about 1D<Vb by weight of the composition and about 2 mllllmotee 
of NADPH into the produot and process In h colloid mJII and/or a mlcrofluldtzer for about 6 minutes; following 
this step, mix Into the solution polymerized lecithin In an amount sufficient to provide the soiutton wtth a 
concentration of polymerized lecithin of about 84b by weight Into the product, and process again In a cotiold 
mill and/or a mlcrofluldtzer for about 3 to 6 minutes. Next, adjust the pH of the produot to that of whole Wood W 
using HCI or NaOH as necessary. Following this step, adjust the Isotonlctty using plasma electrolytes In such 
concentration as will gJve the product the Isotonlctty of whole human blood. Adjust the viscosity as the next 
step so that the viscosity approximates that of whole blood. At this stage of manufacture the produot may be 
used as a red blood cell substitute (resuscitation fluid) provided that It le first filtered to remove all extraneous 
matter and all particles that exceed 1 micron In size In any dimension. It Id preferred, however, that the filtered 15 
product be processed further using either a chemical process based on a non-toxic croselinking agent, such 
as gluteraldehyde, or a physical processing step, suoh as heat. The heating step le preferred and consists of 
heating the preparation for about 2 minutes at a temperature that may range from about 60° 0 to about 70° C 
producing a film that can range from gel-like to rigid In character. Following this step, the resulting composition 
Is filtered to remove all extraneous matter and any microencapsulated particles that exceed 1 micron m site In SO 
sny dimension. The finished product of this Invention can constat of particles of 1 mtoron of less In size wtth a 
minimal degree of surface film hardness or, alternatively, It can consist of particles of mixed surface film 
hardnesses. The desired quantity of the particles can be added to any appropriate phyalologloal fluid. Ae such, 
it will then comprise a product suitable for Intravenous administration as a red blood ceR substitute 
(resuscitation fluid). If desired, the microencapsulated particles may be ueed In much the same manner as es 
packed red blood cells. If desired, the product may be ryophlllzed or otherwise dried and reconstituted as a 
resuscitation fluid with any appropriate physiological fluid. 

EXAMPLE 23 

The procedure of Example 22 la followed except that polymerized lecithin Is used in place of monomelic 30 
lecithin. 

EXAMPLE 24 

The procedure of Example 22 Is followed except that stroma-free hemoglobin incorporated in Hposomes le 
used in place of stroma-free hemoglobin. 55 

EXAMPLE 25 

The procedure of Example 22 Is followed but In addition, the encapsulated micro particles a/e subjected to a 
ryophlllzlng process to produce a powder form of the composition that can be mixed Into an appropriate 
physiological fluid to produce a red blood ceil substitute. 40 

EXAMPLE 26 

The procedure of Example 22 Is followed except that 10% w/v of modified hemoglobin Is used In place of 
stroma-free hemoglobin. 

EXAMPLE 27 

The procedure of Example 22 la followed except that the heating stepxonststs of heating the composition at 
50° C for 2 minutes. 

EXAMPLE 28 SO 

The procedure of Example 8 is followed, except that erythromycin is replaced wtth heparin in ah amount that 
will give 1000 U8P unrtsyml In the finished product; the composition Is subjected to a typhftelng process to 
produce a powder form of the composition which can be prepared as tablets or capsules or reconstituted 
using any appropriate pharmaceutical fluid thereby comprising a useful oral medication. 

56 

EXAMPLE 29 

The procedure of Example 1 1s followed except that (1)5 gms of erythromycin replaces the hemoglobin and 
(2) the steps Involving glutathione and the addition of t-ethyl-3 dimethyl amimnxopyl-cajtoc^lltalde are 
omitted. The step to ad}ust the pH of the composition to approximately 7.4 la made after the storage period. 
After the heating and Altering steps, the mlcropartictea are dispersed in any appropriate phyalologlcaJ fluid. The GO 
product then is ready for parenteral administration or stored, preferably under refrigeration, until needed. 

EXAMPLE 30 

The procedure of Example 29 Is followed except that urokinase la used in place of erythromycin In a quantity 
that will yield a finished composition containing 60,000 IU of urokinase per unit dose. 98 

27 
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EXAMPLE 31 

The procedure of Example 29 la followed except that 500 mgs of flourouradl Is substituted for erythromycin 
and the sizes of the mlcropartlcles of the finished product range from less than 1 micron to 4 microns. 

5 

EXAMPLE 32 

The procedure of Example 1 Is followed except that 10K) w/v of erythropoietin is used In place of 
hemoglobin, and the steps Involving the use of glutathione and 1 ethyi-3-dimethyt amlnopropyl cart>odlimlde 
are omitted. The finished product comprises a useful intravenous composition of erythropoietin. The product 
10 can be lyophilized to produce a powder form of the composition and stored under refrigeration or 
reconstituted with an appropriate physiological fluid for intravenous administration. 

EXAMPLE 33 

The procedure of Example 22 Is followed except that 10<Wb w/v of modified hemoglobin is used in place of 
15 stroma-free hemoglobin. 

EXAMPLE 34 

The procedure of Example 31 is followed except that the flourouradl is encapsulated in mlcroparticies of 2 
to 4 microns In size. This product Is combined with the erythromycin product of Example 29; the mixture 
20 comprising an intravenous composition composed of two active components with differing particle sizes, 
eryrhtomycln 1 micron or less; flourouradl 2-4 microns. 

EXAMPLE 35 

The procedure of Example 22 is followed, except that the stroma-free hemoglobin encapsulated In 
25 liposomes is used as the starting hemoglobin component. 

EXAMPLE 36 

The procedure of Example 22 is followed but, in addition, the encapsulated mlcroparticies are subjected to a 
lyophiiizing process to produce a powder form of the composition that can be stored at 4° C or reconstituted 
30 with an appropriate physiologic fluid to produce a red blood cell substitute (intravenous). 

EXAMPLE 37 

The procedure of Example 31 is followed except that the erythromycin and flourourocli Incorporated In 
liposomes are used as the active components. 

35 

EXAMPLE 38 

The procedure of Example 22 is followed except that 275 mgs of erythromydn Is used In place of the 
hemoglobin component and the steps Involving the use of NADPH and 1 ethyt-3-dlmethyl-aminopropyl 
carbodilmlde are omitted. The step in which the pH is adjusted to approximately 7.4. Is made after the storage 
40 period. After the heating and filtering steps, the microparticles are dispersed In any appropriate physiological 
fluid. The product Is then ready for Intravenous administration or it may be stored, preferably at 4° C. 

EXAMPLE 39 

The procedure of Example 38 Is followed except that leuprolide in a quantity that will yield leuprollde mg/0.2 
45 ml In the finished product is substituted for erythromycin. 

EXAMPLE 40 

The procedure of Example 39 is followed, except that urokinase in that quantity as will give 50,000 IU activity 
per dose In the finished product is used In place of leuprollde and the product is lyophilized. The product can 
50 be reconstituted with an appropriate physiological fluid for intravenous use. 

EXAMPLE 41 

The procedure of Example 40 is followed except that 60,000 IU of urokinase incorporated In liposomes, is 
used as the active component. 

55 

EXAMPLE 42 

The procedure of Example 40 Is followed except that 500 mgs of flourouradl replaces urokinase and Is 
processed so that the particle size of the particles ranges from 2-4 microns and the product of Example 38 Is 
mixed with the product of this Example. This comprises an Example of a combination of two compositions, 
60 each with a different particle size, 

EXAMPLE 43 

Mix to a concentration of ^Wo w/v stroma-free hemoglobin Into a solution of polymerized lecithin of about 
20<K) concentration. Process the product in a colloid mill and/or a mlcrofluldizer for about 2-3 minutes. Mix 
65 ascorbic acid of at least 0.1 gm per 100 ml of solution and an amount equal to 1(Wo w/v (100 units/cc. In the 
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finished product) of polymerized albumin Into the product and process the resulting product In a colloid mlU 
and/or a mteroflukltzer tor about 5-7 minutes. Next, store the product for about 10 hours at 4* C. Adjust the pH 
of the preparation after the period of storage to about 7.4 using HCI or NaOH as necessary. Following this step, 
add electrolytes present In human plasma In such amount as will give the product the Isotonlclty of whole 
human blood. Next adjust the viscosity of the product so that tt approximates the viscosity of whole human 5 
blood. On completion of this step, the product comprises a mlcroemulslon that consists of microencapsulated 
particles containing the hemoglobin component. At this stage of manufacture the product may be used as a 
red blood cell substitute (resuscitation fluid) provided that It is first filtered to remove all extraneous matter and 
all particles that exceed 1 micron In size In any dimension. It Is preferred, however, that the filtered product be 
heated for about 2 minutes at about 70° C. The product then Is filtered to remove all extraneous matter and all w 
microencapsulated particles which exceed 1 micron In any single dimension. After this step, the product may 
be used as an intravenous blood substitute or stored, preferably at 4° C, until needed. 

EXAMPLE 44 

The procedure of Example 43 Is followed except that stroma-free hemoglobin Incorporated in liposomes is 15 
used In place of stroma-free hemoglobin. 

EXAMPLE 45 

The procedure of Example 43 is followed but In addition, the encapsulated micropartlcles are subjected to a 
lyophlltzlng process to produce a powder form of the composition that can be mixed Into an appropriate 20 
physiological fluid to produce a red blood cell substitute. 

EXAMPLE 46 

The procedure of Example 43 Is followed except that 10<Vb w/v of modified hemoglobin Is used In place of 
stroma-free hemoglobin. 25 

EXAMPLE 47 

The procedure of Example 43 Is followed except that the heating step consists of heating the composition at 
50° C (or about 2 minutes. 

30 

EXAMPLE 46 

The procedure of Example 43 is followed except that (1) 275 mgs of erythromycin replaces the hemoglobin 
component. The step In which the pH is adjusted to approximately 7.4. Is made after the storage period. After 
the heating and filtering steps, the resulting mlcroparticles are dispersed In any appropriate physiological fluid. 
The product then Is ready for Intravenous administration or storage at 4° C. 35 

EXAMPLE 49 

The procedure of Example 43 Is followed, but In addition, the composition (s ryophlllzed to produce a powder 
form of the product which can be reconstituted wrth any appropriate physiological fluid. 

40 

EXAMPLE 50 

The procedure of Example 46 is followed, except that 500 mgs of flourouracil Is used In place of 
erythromycin and the sizes of the micropartlcles are in the range of 2 to 4 microns. 

EXAMPLE 51 45 

The procedure of Example 50 Is followed .apt that the flourouracil Is encapsulated in liposomes before 
being encapsulated within the coacervate c exposition. 

EXAMPLE 52 

The procedure of Example 46 Is followed except that leuprollde In a quantity that wilt yield leuprollde mg/0.2 60 
ml in the finished product is substituted for erythromycin. 

EXAMPLE 53 

The procedure of Example 8 is followed except that 200 mgs. of ibuprofen Is used in place of erythromycin. 

56 

EXAMPLE 54 

The procedure of Example 43 Is followed except that 10Ato w/v of erythropoietin Is used In place of 
hemoglobin and the step Involving the use of ascorbic acid is omitted. The finished product comprises a useful 
Intravenous composition of erythropoietin. 

60 

EXAMPLE 55 

The product of Example 46 is mixed wtth the product of Example 50 to produce a combination of two 
compositions with differing particle sizes. 

66 
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EXAMPLE 56 

The procedure of Example 48 Is followed except that leuprollde Is used In place of erythromy dn, and In an 
amount thai win give 4 mgs/0.2 ml of leuprollde in the finished product 

5 EXAMPLE 57 

The procedure of Example 48 Is followed except that erythromycin is replaced wfth urokinase In an amount 
that win give 50,000 IU per dose in the finished product 

EXAMPLE 58 

10 The procedure of Example 56 Is followed, except that the leuprollde component Is encapsulated In 
liposomes. 

EXAMPLE 59 ^ . 

The procedure of Example 8 Is followed except that after the addition of n-butyl alcohol and the stimng step, 
15 about 10<K> w/v of pectin Is mixed into the product now comprised of the microparticles separated from the 
vehicle. After the step in which pectin is added, the pH of the composition Is also adjusted using either HO or 
NaOH as required to about 7.4. The product comprises a composition that can be administered 
transmuco sally and/or transdermaity. 

20 EXAMPLE 60 

The process of Example 59 Is followed except that 5% nitroglycerin is used to replace erythromycin and 5<Vb 
w/v of albumin Is used In place of pectin. The finished product comprises a transmucosal medication. 

EXAMPLE 61 

25 The process of Example 59 is followed except that 5 mg/ml of lldocaine replaces the nitroglycerin. 
EXAMPLE 62 

The procedure of Example 59 Is foflowed except that a heating step of about 50° C for 40 seconds replaces 
the step using n-butyl alcohol. Following heating, the product is processed to separate the microparticles from 
30 the vehicle. About 10<Vb w/v pectin is mixed into the resulting mlcropartlcle com position. During the step In 
which the pectin is added, the pH of the product is adjusted to about 7.4 using either HCI or NaOH as required. 

EXAMPLE 63 

The procedure of Example 59 is followed except that 5Qfo nitroglycerin Is used In place of erythromycin; 
35 storage of the composition at room temperature for about 24 hours replaces the heating step. 

EXAMPLE 64 

The procedure of Example 59 is followed except that 5<Wd w/v albumin replaces pectin and 10Pfo nitroglycerin 
Is used. 

40 

EXAMPLE 65 

The process of Example 59 is followed except that 5<Vb nitroglycerin Is used to replace erythromycin and 5<Vb 
w/v of albumin Is used in place of pectin. The finished product comprises a transmucosal medication. 

45 EXAMPLE 66 

The process of Example 65 is followed except that 5 mg/ml of lldocaine replaces the nitroglycerin. 
EXAMPLE 67 

The process of Example 66 Is used except that 100 units of regular Insulin Is used Instead of lldocaine. 

SO 

EXAMPLE 68 

The process of Example 59 Is followed except that 0.1% ascorbic acid Is added at the same time pectin is 
added. 

55 EXAMPLE 69 

The process of Example 62 Is used except that 100 units of insulin Is used instead of erythromycin. 
EXAMPLE 70 

The process of Example 62 is used except that 0.2«Vo ascorbic acid Is added when pectin is added. 
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EXAMPLE 71 

The procedure of Example 62 is followed except that 40 units of insulin Is used in place of erythromycin; 
storage of the composition at room temperature for about 24 hours replaces the heating step. 
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EXAMPLE 72 

Mix about 10 gms of lecithin Into about 10 co of carbon tetrachloride. Add 5 gma of erythromycin to the 
solution. Spray dry the product until all traces of carbon tetrachloride are removed. The reaching product wfW 
be comprised of powder-like particles comprised of erythromycin and covered by a fUm of tactthln. Next, make 
a suspension of the powder tn 100 mis of water containing 10 gms of rjofymerfeed albumin and 10 gma of $ 
monomertc lecithin. Stir the composition for about two minutes. Add aft appropriate aJoohd dropwlse, n-butyl 
alcohol Is preferred. During the addition of alcohol the product should be stirred gentry untfi a coacervate 
forms and coats the particles wtth a coacervate film. Stirring continues for from 1/2 to 3 houn to insure 
coacervate encapsulation of the particles. After this step, adjust the pH to about 7.4 and If desired, store for 
from 12 to 24 hours at about 4° C. W 

Following the storage step, the particles are separated frorrt the liquid vehicle by filtration or other 
appropriate means and dried using any conventional method. This yields a finished oral product comprised of 
coaceravate' coated erythromycin. The product can be used to prepare tablets, capsules or reconstituted wtth 
an appropriate llquld(s). e.g., syrup, to produce a product wtth the desired dlhlcaf dose. 

16 

EXAMPLE 73 

Mix about 10 gms of lecithin Into about 10 cc of carbon tetrachloride. Add 3 gma of erythromycin into the 
solution. Distill the product until all traces of the carbon tetrachloride are removed and the product comprised 
of lecrthift and erythromycin, Is In the fOrm of a viscous residue. Mix about 50 mis of a 100ft solution of albumin 
into the product. Add 100 mis of distilled water and centrifuge the composition for about 10 minutes at about So 
2500 rpffi. The particles now separated from tftelr vehicle are collected. They comprise an oral erythromycin 
coated by a coacervate film. 

EXAMPLE 74 

The method of Example 73 Is followed except that the steps that begin wtth the addmon of the aiburnin 25 
component are repeated. 

EXAMPLE 75 

The process of Example 72 is followed except that the product of Example 72 Is converted to a sustained 
release preparation using the following method. Make a suspension of the powder referred to above m 100 mifl 30 
of water containing 10 gms of polymerized albumin and 10 gms of monomerio tectthtn. Stir the composition for 
about two minutes. Add n-butyl alcohol dropwlse until a coacervate forms and coats the particles wtth a 
coacervate film, stirring continues for from 1/2 to 3 hours during the addition of alcohol and afterward to Insure 
coacervate encapsulation of the particles. The product Is then stored for from 12 to 24 hours at about 4* C. 

Following the storage step, the particles are separated from the liquid vehicle by filtration arid dried. The 36 
resulting composition comprises a sustained release medication useful for oral administration. 

EXAMPLE 76 

The process of Example 74 Is followed except that the product of Example 74 Is converted to a sustained 
release preparation using the following method. Make a suspension of the powder referred to above In 100 mis 40 
at water containing 10 gms of polymerized albumin and 10 gms of monomertc lecithin. Sttr the composition for 
about two minutes. Add n-butyl alcohol dropwlse until a coacervate forms and ooats the particles wtth a 
coacervate film, stirring continues for from 1/2 to 3 hours during the addition of alcohol and afterward to insure 
coacervate encapsulation of the particles. The product is then stored for from 12 to 24 hours at about 4* C. 

Following the storage step, the particles are separated from its liquid vehicle by filtration and dried, the 45 
resulting composition comprises a sustained release medication useful for oral administration. 

EXAMPLE 77 

. Mix about 6 gms of lecithin In about 200 mis of water; add about 24 mis of an appropriate alcohol such as 
n-butyl alcohol dropwlse to the mixture, rtext mix a solution comprised of about 3 gms of NaCI and about fiO SO 
mis of water Into the lecrthln-aicohbl composition and allow to stand until a two phase coacervate Is produced. 
Separate the two phases and add 20<*t> acetylcysteine to the coacervate phase. MIX thoroughly. The pH la 
ad|usted to about 8.0 after which the composition containing the medication may be administered by nebuteer 
which sprays a mist of the particles having a particle size of 1 micron or less. 

55 

EXAMPLE 78 

The process of Example 77 Is followed except that 5 gms of lecrthin Is added to the coaoervate phase in 
place of acetylcysteine and the pH is adjusted to about 7.4 using HCI Or HaOH as required. 

EXAMPLE 79 60 

The process of 77 is followed except that the lecithln-coacervate phase, per se. is adjusted to a pH of about 
7.4 and used as an inhalant medication. 
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EXAMPLE 80 

Heat a mixture of about 7.5 gms of monoglycerfde and about 7.5 gms of dlgtyceride at a temperature of from 
70 to 75° C until a clear solution of the mixture Is produced. Mix 15 gms of erythromycin Into the grycertde 
solution thoroughly. Next, process the product by means of a spray drying step to produce a powder form of 

5 the product Next, Make a suspension of the powder In 100 mis of water containing 10 gms of polymerized 
albumin and 10 gms of monomelic lecithin. Stir the composition for about two minutes. Add n-butyi alcohol 
dropwlse until a coacervate forms and coats the particles with a coacervate film, stirring for from 1/2 to 3 hours 
during the addition of alcohol and afterward to insure coacervate encapsulation of the particles. The product is 
then stored for from 12 to 24 hours at about 4° C. 

10 Following the storage step, the particles are separated from the liquid vehicle by filtration or other 
appropriate means. The particles are processed using a colloid mill and/or a mlcroflufdlzer and sieving 
procedures to produce particles which are 1 micron or less In size. After this step, the quantity of particles 
necessary to produce the required dose is mixed Into any appropriate fluid Including the liquid vehicle referred 
to above. The product comprises an inhalant medication and Is administered by nebulizer or other mist 

15 spraying apparatus. 

EXAMPLE 81 

The method of Example 77 is followed except that 15 gms of erythromycin Is used in place of acetylcysteine 
and the pH adjustment is made to about 7.4. 

20 

EXAMPLE 82 

The procedure of Example 1 1s followed except that (1) 275 mgs of erythromycin is dispersed in oleic acid of 
about 10% w/v as the first step of the process and the step using the reducing agent is omitted. 

The step to adjust the pH of the composition to approximately 7.4. is made after the storage period. After the 
25 heating and filtering steps, the micropartlcles are dispersed In any appropriate physiological fluid. The product 
is then ready for oral administration or stored, preferably under refrigeration, until needed. The composition 
may be administered orally, If desired. 

EXAMPLE 83 

30 The procedure of Example 82 Is followed except that the object of the heating step In this method Is to 
produce micropartlcles which are gel-tike In character. The composition is heated at about 60° C for about 45 
seconds. The resulting composition then is centrtfuged to separate the particles from the vehicle of the 
product; following this step, about 10*Vo w/v of pectin and about 0.1% of ascorbic acid are mixed into the 
product now comprised of the micropartlcles separated from the vehicle. During the steps In which pectin and 

35 ascorbic acid are added, the pH of the composition Is also adjusted using either HCI or NaOH as required to 
about 7.4. The product comprises a nasally or rectaJfy administered medically useful composition. The addition 
of ascorbic acid can be omitted. 

EXAMPLE 84 

40 The procedure of Example 83 Is followed except that In place of the heating step, the product is stored at 
room temperature for about 24 hours and 5% nitroglycerin Is used in place of erythromycin. 

EXAMPLE 85 

The procedure of Example 84 Is followed. The finished product however Is applied to the skin. The drug Is 
45 released from the composition and enters the circulation through the skin. 

EXAMPLE 86 

The procedure of Example 84 is followed except that 4000 meg of vitamin B-12 is used in place of 
erythromycin. 

50 

EXAMPLE 87 

The procedure of Example 84 is followed except that 4 mgs/0.2 ml of leuprollde is used In place of 
erythromycin. 

55 EXAMPLE 88 

The procedure of Example 87 is followed except that the composition is administered rectally either in the 
form of an ointment or a suppository. 

EXAMPLE 89 

60 The procedure of Example 86ls followed except that the composition Is applied to the skin, thereby 
comprising a transdermal preparation. 

EXAMPLE 90 * 

The procedure of Example 82 is followed with the following exceptions: The heating step consists of heating 
65 the composition for about 45 seconds at about 50° C and the adjustment of the pH takes place at a different 
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point In the manufacturing process. Following the heating step, the mlcropartlciea axe separated from the 
vehicle and about 10Ab pectin and about 0.1 <W> ascorbic add are mixed Intg the composition cpmprtsed of Jhe 
mlcropartlciee. Durtng this atep t the pH of the product la adjusted to about 7.4 using HC1 or N«OH as requiring. 
The finished product comprises a nasally or rectaity administered medically useful composition. 

S 

EXAMPLE 91 

The procedure of Example 90 is followed except that 5 mg/ml of lidocaJne Is used In place of erythromycin. 
EXAMPLE 92 

The procedure of Example 91 Is followed except that the composition Is applied to the skin, thereby 10 
comprising a transdermal preparation. 

EXAMPLE 93 

The process of Example 83 Is followed except that 10 mgs/ml of ephredrtne Is used In place of erythromycin. 
EXAMPLE 94 

The procedure of Example 93 is followed except that the preparation Is applied tp the skin thereby 
comprising a transdermal preparation. 

In accordance wtth another Important embodiment of the method used to prepare both oral and parenteral 
compositions, the drug-containing coacervate composltiona are prepared by (a) dissolving a phoephpUpifJ Ir 20 
water and adding thereto an aJcohol in an amount which will cause the prpephoJlpld-water^cohoi preparation 
to separate into three Immiscible layers wherein the lowest layer la coH old-poor, the middle layer Is colloid -rich, 
and the upper layer is alcohol; (b) separating the middle phase, the nonpolar, collold-dcfi phase, from the 
other two phases ; and (c) adding a water-insoluble drug to a collold-rlch phase in such quantity as wUI produce 
a solution containing the drug component In the desired dosage for orai tissue fining absorptive or parenteral 25 
administration. The colloid-poor lower phase may be used to soiubilize water-soluble cornpounde. Either the 
colloid-rich or colloid-poor phases or a combination of both phases may be used to encase the physipiogicejy 
active compounds. Additionally, the drug delivery compositions of the present invention can be prapeyed In 
the form of microencapsulated sustained release formulations (emulsions) of oratty, tissue Hnlng absorptive, or 
parenteral^ administrate drugs. The mlcroenoapeuiateo; particles range In size from teee than abut 100 39 
nanometers to about 3 microns or larger. In the practice of the time-release ernbodmefK at Jr)« present 
Invention, the final composition or product may be composed of particles of the same or different sizes, wit}) 
differing time-release characteristics. 

In accordance wtth the preferred method of thle embodiment of the present invention, an alcohol, such as 
Isopropyi alcohol, Is added dropwise to a 4"Vb w/v aqueous solution of one or more surface active agents, such 35 
as albumin, until a two-phase Hqutd aqueous system is produced. The two phases are separated. The upper 
phase is referred to as the colloid-rich phase; the lower phase known as the coHold-poor phase le discarded or 
stored for later use to prepare additional quantities of the coacervate composition. A 44fo w/v quantity of dry 
lecithin powder is dissolved In the coHold-rlch phase creating an aJbumln-tecfthln based cotiofd-rlch phase. The 
oral or parenteraJ drug to be used is dissolved In the coHold-rich phase as described with reference to the 40 
three-phase embodiment of manufacture. The finished composition of this embodiment of the present 
Invention can be prepared either as an emulsion or as a suspension. 

A crtticaJ distinction between the coacsryate-based blood substitute compositions identified In prior 
patents and the compositions of this embodiment of the present invention is in the addition of an appropriate 
aJcohol to a composition to form a two-phase coacervate composition with aicohoi on top as an upper third 45 
layer or phase. The middle coacervate phase then is separated out and a phospholipid, such as lecithin. Is 
added thereto. A second coacervate composition results therefrom and Is used to formulate the coaceryale 
compositions of this embodiment for new and u*e*t*cted stability. As an option, the middle coacervate phase 
can be used without the addition at the phospholipid. 

In accordance with the principles of the present Invention, any appropriate rwn-toxic coecerwte CO 
composition can be used In the manufacture of the drug delivery composition* of the present Invention. The 
coacervate-envetoped compositions of the present invention Incorporate non-toxic endogenous or 
exogenous surface-active agents, derivatives thereof and/or combinations of surface-ectiye agents or 
derivatives. 

To achieve the full advantage of the alcohol embodiment of the present Invention, the coacervate 55 
compositions include a phospholipid, such as lecithin; a protein with surface-active properties, such as 
albumin; an aicohoi such as n-butyl alcohol and water. 

Any drug, particularly drugs administered parenterally or absorbed through the tissue lining, drugs which 
are prepared and administered at an excessive pH, parenteral druge that require pH adjustment Immediately 
prior to injection and any salt of a parent drug compound which has been neutralized by means of the proper 60 
acid-base reaction to yield the parent compound may be used as the drug component In pie oretty, tissue 
lining absorbed, or parenterally administrate coacervate based fHrn-erwetoped compositions of tjie present 
invention. 

It should be noted that white the compositions of the present Invention stabilize and solgtoiKzs orai. tissue 
lining absorbed and parerHerei drugs as described, some dissolution ot the drug also occurs In accedence 0? 
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with the principles of the present Invention. 

Either the colloid-rich phase of the two-phase liquid aqueous coacervate composition, the colloid-poor 
phase, or a combination of the coilold-rich and the collold-poor phases of the compositions may be used to 
produce the outer coacervate based film enveloping the physiologically active compounds as orally, tissue 

5 lining absorptive, or parenterally admlnlstrable compositions of the present invention. To achieve the full 
advantage of the present invention, the physiologically active compound(s) are incorporated Into the 
colloid-rich phase of the composition. The collold-poor phase can be used to incorporate and deliver 
formulations of water-soluble, polar and semi-polar drugs. Administration of the formulations of this Invention 
may be oral; absorbed through the tissue lining of the mouth, nasal passages, or rectum; intravenous; 

10 intramuscular or subcutaneous, as desired. 

Drug compositions commonly understood to be water-Insoluble, as defined In the U.S. Pharmocopia, now 
can be solubilized In an aqueous media by use of the present drug delivery compositions. Further, the 
compositions of the present Invention provide a basis for Improving the manufacture and efficacy of literally 
hundreds of orally, tissue absorptive, and parenterally administered drugs. 

15 A preferred two-phase liquid aqueous coacervate composition In accordance with the alcohol embodiment 
of the present Invention is prepared using the following steps. To 100 mis of sterile, pyrogen-free water are 
added 1-6<W> w/v of lecithin, derived from egg or other acceptable sources. The mixture Is mixed or shaken 
vigorously until the lecithin is thoroughly dissolved. 6 to 12 mis or more of any acceptable alcohol, particularly a 
lower alcohol having 1 to about 6 carbon atoms, such as ethyl alcohol, n-butyl alcohol, and the like then is 

20 added to the lecithin solution, and the solution then is shaken vigorously for from 10 to 30 seconds and set 
aside, undisturbed, for from less than 1 to more than 4 hours. Within this period of time, the solution will 
separate into three phases or layers, if at the end of two hours the phases have not separated out, additional 
alcohol may be added dropwise until the separation of phases occurs, if desired, the period of undisturbed 
storage may extend to 24 hours or longer. Longer periods of storage typically result in greater yields of the 

25 coacervate phase. At the close of the storage period. It will be observed that three layers have formed. The 
uppermost layer comprised of n-butyl alcohol is separated from the other phases such as by decanting or 
through a separating funnel, and set aside since it Is now extraneous to the coacervate system. The middle 
layer comprises approximately 50 mis. of a colloid-rich coacervate phase and the bottom layer comprises 
approximately 50 mis of a colloid-poor (equilibrium water) phase. The proportions, of the bottom and middle 

30 phases may vary from QSWo to 99.5<Vo, based on the volume of both layers. 

After separation of the phases is completed, from 1 to 2 grams of a surface active protein such as human 
serum albumin, is dissolved in the colloid-rich coacervate phase of the solution to form a second coacervate 
system or composition. The preparation is then stored, preferably under refrigeration at 4-10° C, until visual 
inspection indicates that the preparation has separated Into two phases. The upper layer comprises the 

35 colloid-rich phase of the second coacervate composition; the bottom layer comprises the collold-poor phase 
of the second coacervate composition. The two phases can be separated, such as by decanting, and a desired 
dosage of a drug or other physiologically active compound Is dissolved in either the colloid-rich phase and/or 
the collold-poor phase to provide an Injectable, orally, or tissue absorptive admlnlstrable composition, if 
desired, the quantity of drug combined Into the coacervate composition may be more or less than a standard 

40 dose to provide a modified clinical dose. Additionally, If desired, urea In an amount that may range of 1<Vo to 
4f/K> w/v may be added to the coacervate phase, prior to the addition of the drug component to make the 
coacervate phase less non-polar. 

In accordance with another important embodiment of the present invention, a rnonoglyceride. dlglyceride 
ancVor a triglyceride is Included In the coacervate composition as a liquid vehicle for dispersing or solubilizing 

45 one or more physiologically active compounds therein. The vehicle containing the physiologically active 
compound dissolved or dispersed therein then is enveloped in one or more exterior layers of a coacervate 
based Aim In order to provide new and unexpected stability to the orally, tissue absorptive or parenterally 
administratis compositions. As used herein, the term ■triglycerides* refers to short chain, medium chain, long 
chain, and hydrogenated triglycerides. In this Invention monoglycerides and diglycerides may be used as an 

50 option. Combinations of mono, dl. and triglycerides also may be used. Medium chain triglycerides are 
preferred. In an optional process, physiologically acceptable halogenated compounds, particularly 
halogenated hydrocarbons may be substituted for the glycerlde component of the compositions of the 
present invention. The preferred halogenated chemicals are the perfluorohydrocarbons, such as 
perfluorodecalln. Suitable other perfluorochemicals Include perfluorotributylamine, perfluoro-N.N dlmethylcy- 

55 clohexytmethylamlne, perfluorotripropylamlne and perfiuorotrimethytbicyclo(3.3.1)nonane. Other suitable 
halogenated hydrocarbons include halothane (2-bromo-2-chloro-1,1,1-trifiuoroethane) and methoxyflu- 
rane(2^-dlchloro-t .1 -dlfluoroethylmethylester). 

All components may be prepared, combined and/or mixed under sterile conditions. The water used in 
manufacturing the coacervate system should be sterile and pyrogen-free for Intravenous preparation. 

60 In accordance with this embodiment, the pharmaceutical component or combinations thereof are dissolved 
in a glycerlde, preferably a medium chain triglyceride, preferably 30<Vo w/v. containing a pharmaceutical 
component solubilizing agent, such as a hydrogenated oil. oleic acid, or linolelc acid preferably 10% w/v, 
based on the weight of the triglyceride to substantially Increase stability. The triglyceride may be 1% to 80% 
w/v of the composition and may be a rnonoglyceride or a diglyceride or mixtures of one or more mono, di, or 
65 triglycerides. The solubilizing agent may be added to the glycerlde In an amount of about CWb to about 50°/o by 
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weight of the gryceride, for example, 1G% hydrogenated vegetable oil or oleic acid, whenever needed for 
complete solubilization of physiologically active components. The gryceride component may be composed of 
short chain (up to C9), medium chain (C9 to C18). long chain (Above C18) and/or Hydrogerutted triglycerides of 
combinations thereof depehdlrig uporl the coffiposKtan to be prepared. MecJum chain [C8 to Oi$) 
triglyceride* are preferred. The quantity of thd pharmaceutical component^) mixed Into the frl^iyoerWe rfWy 6 
range from 0.1% to 15% In excess of conventional clinical doses. The Individual dose of the pharmaceutical 
component(s) of the finished composition Is adjusted as necessary to meet clinical rflqufrtjmertts. 

The preferred method of thd triglyceride embodiment of the present Invention also provides for preparation 
of sustained release forms of the mlcroemulslons described above. This process tnvorves the following steps: 
(i) Mix the desired quantity of the pharmaceutic component(s) Into a solution containing that quantity of a 10 
medium chain triglyceride containing 10% hydrogenated oil as will comprise* 30% w/v tn the finished prodlrtrt; 
the w/v concentration of the triglyceride corrtponent may vary from 1% to 80% w/v; 30% W/v It preferred; the 
quantity of thd pharmaceutic component! 3) used can range from 0.01% to 15% In excess of established 
clinical doses; In the finished product, the Individual dose la adjusted to clinical requtremerrW. (2) Prepare a 
second solution comprising 5% w/v of albumin; mix the same pharmaceutic component^) usftd In step 1 Iflto 15 
the alburnln solution in an amount that may range from 25% less than the established citntcai dose* to 15% In" 
excess of the established clinical dose; 3% w/v of lecithin then Is mixed Into the product of step"1 ; this mixture 
Is repeatedly passed through an appropriate colloid mill to product a mlcroemuielon, the' particles o? dropfets 
of which are ohe rflfcron or less In size; It Is preferred that heat. In a range from 30° C to 70° C, be appRect 
during the microemulslfylng step; In an alternative procedure, the heatfftg step may be deferred until the 32 
microerriulsiori has bedn formed, as described. 

Specific exam plea of the alcohol and gryceride embodiments of the present Invention are provided In the 
following examples 127-160. 

EXAMPLE 95 2S 

To 100 mis of sterile, pyrogen-free water Is added 4% W/v of egg lecithin. The mixture 13 stlrrdd vigorously 
until the lecithin Is thoroughly dissolved. 10 to 12 mis of h-butyl alcohol then are added to the lecithin solutffcn, 
which Is then shaken vigorously for from 1 to 2 hours. At the close of ttte storage period, tt la observed that 
three lasers or phases have formed. The middle layer comprising the cdflbW-rlch phadG Is sepiarated frorri the 
other phases by means of a separatory funnel. 1 to 3 grams of human serum albumin then Is dissolved In this S3 
collold-rich phase. The solution then Is stored al from 4 to 10° C untB visual Inspection indicates that this 
solution has separated into two phases and that ho Increase In the volume of said phases Is occurring. The two 
phases then are separated by means of a separatory funnel. That quantity of diazepam to added to the 
colloid-rich phase as will result In a final concentration of 5 mg of diazepam per mlllilrter of coacervate solution. 
After this step, the colloid-poor (lower) phase Is mixed Into the collold-rtch phase. The resulting mbcture then Is 55 
emulsified to produce a microemulslon. The pH of the mlcroemulslon then Is adjusted, If necessary, to 7.3-7.4 
by the dropwise addition of dilute hydrochloric acid or sodium hydroxide. The preparation then can be stored 
in suitable containers for use orally or by injection. 

EXAMPLE 96 40 

The procedure of Example 95 is followed except that prior to storage or administration, the composition Is 
heated to produce a sustained (time-release) preparation. The preparation described In Example 1 1s heated at 
70° C for 60 seconds. The resulting microencapsulated droplets are separated frorri the emulsion, washed 
thoroughly with sterile water, then dried thoroughly and dispersed In any appropriate vehicle tor parenteral or 
oral use, for example, to provide a composition containing 5 mg of diazepam per mfttflHer of solution. On 45 
completion of this step, the composition may be administered orally, by Injection or stored In suitable 
containers until needed. 

EXAMPLE 97 

The procedure of Example 95 is followed except that 10 mis. of a commercial preparation of diazepam Is 30 
used in place of diazepam (parent compound). 

EXAMPLE 98 

The procedure of Example 96 Is followed except that 5 mgs of diazepam Is used In place of the commercial 
parenteral preparation of diazepam. 55 

EXAMPLE 99 

The procedure of Example 95 Is followed except that 50 mgs of a commercial preparation of pherrytdfn is 
used Instead of diazepam. 

GO 

EXAMPLE 100 

The procedure of Example 96 is used except that 50 mgs of a commercial parenteral preparation of 
phenytoin Is used in place of diazepam. 
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EXAMPLE 101 4U . 

The procedure of Example 95 is followed except that 50 mgs of phenytoin. as the parent compound. Is used. 

E XAMPLE 102 . 
The procedure of Example 96 Is followed except that 50 mgs of phenytoin, as the parent compound, Is used 

in place of diazepam. 

EXAMPLE 103 _ 
The procedure of Example 95 Is followed except that 7 mis of diazepam are used. 

de procedu re of Example 95 Is followed except that 100 mgs of a commercial intramuscular parenteral 
preparation of tetracycline HCI is used In place of diazepam. 

15 deprocedu re of Example 96 Is followed except that 100 mgs of a commercial intramuscular preparation of 
tetracycline HCI Is used In place of diazepam. 

EXAMPL E 106 , ^ . . 

20 " "The procedure of Example 95 is followed except that 100 mgs of a crystalline tetracycline Is used in place of 

diazepam. 

EXAMPLE 107 t tt a . 

The procedure of Example 106 is followed except that 250 mgs of a commercial Intravenous preparation of 
25 tetracycline HCI (neutralized) reconsti tuted as per the manufacturer's dir actions is used instead of diazepam. 

deprocedure of Example 95 is followed except that preparation of the composition Is completed when the 
diazepam is dissolved In the colloid-rich phase of the coacervate system. The preparation is then ready for oral 
30 or parenteral administration or storage. 

deprocedure of Example 95 is followed except that preparation of the composition is completed when the 
phenytoin Is dissolved In the colloid-rich phase in place of diazepam. The preparation then may be orally or 
35 parenteral^/ administered or stored as required. 

deprocedu re of Example 95 is followed except that tetracycline Is dissolved in the colloid-rich coacervate 
phase in place of diazepam. The preparation is then ready for oral or parenteral administration or storage. 

40 

de^rocldu re of Example 95 is used to the point where the colloid-rich phase Is separated from the 
coiioid-poor phase. Instead of using the colloid-rich phase to dissolve the drug component, the collold-poor 
phase Is used to Incorporate the drug component. Thus, 5 mis of commercial trimethoprinsulfamethazole 
46 Infusion Is thoroughly mixed into 125 mis of the colloid-poor phase. The preparation then Is ready for infusion. 

EXAMPLE 112 

The procedure of Example 111 Is followed except that after the drug is mixed into the collold-poor phase. 
125 mis of the collold-flch phase is added and the preparation emulsified. The composition then may be 
50 infused. 

EXA MPLE 113 ^ , , nc . . n 

The procedure of Example 96 Is followed except that glucagon, in any quantity ranging from 0.5 mg to l .u 
mg, is substituted for the diazepam. If desired, from 25 mgs to 150 mgs of lactose Is added to the preparation 
55 following the addition of glucagon. 

EXAMPLE 114 

The procedure of Example 96 Is followed except that 0.5 mg of glucagon Is substituted for the diazepam. 

60 

deprocedu re of Example 95 Is followed except that Methyldopate HCI is used instead of diazepam and 1% 
w/v of urea is added prior to the Incorporation of the drug component. 
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EXAMPLE 116 

Melt the solid form of 15<Vb wiv of long chain triglycerides and 15<Vo w/v medium chain triglycerides. Add £50 
mg of erythromycin to the melted product and add 5 m! of an aqueous solution containing 54b albumin and 3<Mj 
lecithin to this mixture to provide about 850 mg. of erythromycin in the colloid-rich phase. Mix the resulting 
product and permit the composition to slowly cool to room temperature. If the product is to be used £ 
Intravenously, adjust the pH and Isotonicity aa described previously, tf the finished product is to be 
administered orally, adjustment of the pH arid isotonicity ia optional. Process the product through a colloid mill 
This will produce a mlorosuspended composition having solid microparttcles comprised of the pharmaceutic 
componant(s) encapsulated by a trigtyceride/coacervate film. While the Intravenous product should consist of 
particles one micron or less in size, oral compositions may have a mixture of particle sizes ranging from » 10 
nanometer to 10-15 microns. 

EXAMPLE 117 

The procedure of Example 1 16 is followed except that 1000 unlts/ml per unit dose of heparin is used In place 
of erythromycin. 

EXAMPLE 118 

Example 95 is followed except 10 ml of Factor VIII la substituted for diazepam. 

EXAMPLE 119 & 
Example 95 Is followed except 30 ml of Factor IX complex is substituted for diazepam. 

EXAMPLE 120 

Example 95 Is followed except 250 mg of atrial peptide 3 Is substituted for diazepam. 25 
EXAMPLE 121 

14<Wo by weight of hemoglobin is encapsulated in a Hpoaome product and then the liposome is placed In the 
coacervate phase of Example 95. The remaining procedure Is the same as Example 95. 

30 

EXAMPLE 122 

The procedure of Example 95 Is followed except that nutritional quantities of L clonlne, L arglulne, L aspartjc 
acid, L glutamine, grysine, L histidine, L proline, L servlne, and L tryoalne also are added. 

EXAMPLE 123 35 

The procedure of Example 95 Is followed except that the diazepam component is first enveloped In a 
liposome. The resulting product then is mixed into the coacervate phase and processed In the manner 
described in Example 127. 



EXAMPLE 124 40 
The procedure of Example 123 is followed except that 6 mg of heme Is used in place of diazepam* 

EXAMPLE 125 

The procedure of Example 123 Is followed except that 2,500,000 l.U. of urokinase Is used in place of 
diazepam. 45 

EXAMPLE 126 

The procedure of Example 123 Is followed except that, that amountaf erythromycin as will give 250 mg of 
erythromycin in the finished product is used In place of diazepam. 

to 

EXAMPLE 127 

The procedure of Example 123 is followed except that, that amountof Insulin as will result In a finished 
product containing 40 units of insulin is used In piece of diazepam. 

EXAMPLE 128 55 

The procedure of Example 123 is followed except that, that amount of stroma free hemoglobin as will result 
In a finished product containing 14 percent by weight of stroma free hemoglobin is used In place of diazepam. 

In accordance with another important embodiment of the present Invention, compositions capable of oral or 
intravenous administration, can be prepared containing a physlologlcally-actlve component that augments the 
oxygen-transport capability of the body, to treat various anemias, and act as an oxygen-carrying plaarne GO 
volume expander. Initially, three aqueous solutions are prepared: an aqueous solution Including at least about 
0.10/0, e.g. .1 to 50* w/v of a first non-toxic surfactant, such as albumin; optionally an aqueous solution 
Including at least about 0.1<ft, e.g. .1 to 5% w/v of a second surfactant, such aa lecithin; and a aqueous 
solution containing an oxygen-carrying molecule containing Iron, such as heme, a hemqpxoteln and/or a 
heme-hemaproteln complex. It Is preferred that the hemoprotaln of the heme-hemoproteJn complex be 
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In I another .mportant embodiment of the present Invention. It has been found that the 
InstaK ottntX^oglcaJly-actJve Iron-containing molecule capable of carrytog and releasmg oxygen 
heme 2d/o the hemopretelns and/or the heme-hemoproteln complex) can be mlnlmaed or substanhaHy 
SeteS e Zited bj treating a solution (preferably aqueous) containing the Iror^ontalnlng molecule 
So coace^on. wtth a chemical complexing agent capable of forming a stable Iron comptex. such as 
monoxlTor an Inorganic cyanide, particularly cyanide salts or cyanide complexes, such as sodium 
Sd 8 rhSge^5anWe 9 and SeTeaft^ treating the complexed solution, preferably to saturation wrth an 
SiSteTwrt wtth the iron complex, to release the complexing « ■9"**™"' 
rnn^S'nlno molecule which escapes from the solution in gaseous form. To achieve the full advantage of 
KSSES^II^ complexing agent is carbon monoxide and the 
puXTbubbled through the solution In excess to release ^^™^J^£?EZ* 
molecule and saturate the solution to remove the carbon monoxide from the solution This prntn or 
SSiSSd then interaction to reiease the complexing molecule will atabitaed t^e phys.ologteal^ac- 
Z ^containing solution, either before or after admixture or emulsiflcation with he other ea^n °« 
!hf l„mno«Hion so lono as the process Is carried out prior to coacervatJon. To achieve full advantage of he 

SLenXeS 

0l T a ^°^Zt of heme and/or hemoproteln, and/or heme-hemoprotein complex present In the 
compo ^« on oHheTesent invention is determined by the clinlcaily Indicated required ^J^M 
"^particular dysfunction. If the composition is to be used to augment the o^en-carryln^ , capacrty of he 
recipient, the amount of heme, hemoproteln and/or heme-hemoprote.n complex In he « m P° srt '° n o °< ^ 
present Invention is the amount necessary to restore oxygen transport to normal levels wrth.nl the time Jrame 
of the treatment regimen. However. If the Intended use of the composition of the P^ent '"vent ion ,s tc ,t eat 
anemic states, such as those due to blood loss, the quantity of heme, hemoproteln and/or heme-hemoproteln 
complex is the amount necessary to restore normal hemoglobin levels of between approximately 5% and 
approximately 14<Vb within the time frame of the treatment regimen. Likewise, if the Intended use of the 
composition of the present Invention Is to treat iron deficiency states, an exemplary amount of heme 
hemoproteln and/or heme-hemoprotein complex is that amount that Introduces approximately 100-150 mg of 

30 6 1n acctSce with°the preferred embodiment, the aqueous albumin, lecithin and heme, hemoprotein and/or 
heme-hemoproteln complex solutions then are thoroughly admixed. Alternatively, the powdered forms > of 
albumin lecithin, and the heme, hemoproteln and/or heme-hemoproteln complex can be admixed, then 
converted Into a solution by adding sufficient water such that the amount of albumin and lecithin each equals 
35 approximately 3<>/o w/v In the finished composition, and the heme, hemoproteln or heme-hemoprotein equals 
from about 5% to about 30«Vb w/v in the finished composition. This mixture then Is sub|ected to a Physical or 
chemical precipitating agent. For example, heat, ranging from about 20- to about 70° C. is applied unt the 
mixture -precipitates' to produce an aqueous two-phase coacervate system. Temperatures below about 20 
C or above about 70° C, can be utilized accord Ing to the method of the present invention so long as the time 
40 of'heat treatment causes the solution to precipitate into a two-phase coacervate solution while preventing 
excessive heat treatment to the extent of denaturing the composition causing loss of the coacervate. 
Alternatively rather lhan heating, a non-toxic alcohol, such as ethyl alcohol, or an appropriate electrolyte, such 
as sodium chloride, can be added to the mixture to produce an aqueous, two-phase coacervate system. The 
coacervate system then Is emulsified using conventional techniques. The Isotonicity and ihe pH of the 
emulsion are adjusted to approximate the values found in the human body, approximately 0.9<Vb saline The pH 
is adjusted using an acid, such as hydrochloric acid, or an alkaline substance, such as sodium hydroxide. 
Isotonicity Is adjusted through addition of an appropriate electrolyte such as sodium chlonde. or water as 

"tMs emulsion can be used as a composition for the oral or intravenous introduction of iron into the body. 
However the optional addition of a sterol, such as cholesterol, added In a sufficient amount, for example from 
about 1<Vb to about S9A> w/v based on the total weight of both phases, provides the composition with a degree 
of surface hardness thereby improving the composition for use as an orally or Intravenously administrate 

CO Th P e°emulsion also can be processed further, before Isotonicity and pH adjustments are made, by using 
conventional techniques to produce a microemulslon. The mlcroemulsion includes the coacervate-based 
mlcroemulsifled particles and the heme, and/or hemoprotein and/or the heme-hemoproteln complex, each in 
a form that is compatible with the reticuloendothelial system and microcirculation systems of the human body 
and is a size that can be absorbed by the Intestines. This mlcroemulsion composition can be administered 

orally or Intravenously. . ^ 

For oral administration, the microemulsion can be dispensed by any of the conventional oral dosage forms, 
such as liquid microemulsion or soft capsulation, e.g. a syrup or a capsule containing a liquid. In accordance 
with another important feature of the present invention, the microemulslon can be processed further using 
either heat or a cross-linking agent to produce a microencapsulated composition haying sustainea 
time-release characteristics. Generally, heat, ranging from 25« to 70' C. Is preferred, and is appl ed over 
65 varying time periods, such as about 2 sec. to about 150 sec. to convert the microemulslon into 
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microencapsulated particles having varyihg degrees of surface-coacervate film hardnesses. The mlcroemulsl- 
fied coacervate can also be treated at temperatures about 70° C, or below 25° C, for a time sufficient to 
produce a time-release composition capable of releasing the physlolc^lcsJry-actrve component, for example, 
up to about 72 hours, after admlnistratidn of the compos Won. It has been found that longer heating time 
increases the film hardness, thereby affecting the time-release characteristics of microencapsulated particles. 
Therefore, particles of similar or different release rates can be combined In a single ddse and can be 
administered oraJly or Intravenously after being placed tn ah appropriate vehicle or dosage form. 

In accordance wtth the present Invention, coacervate systems also can be produced by using a singfe 
surfactant, such as albumin alone, and a precipitating agent. The precipitating agent can be a non-tbxJc 
alcohol, such as tsopropyl alcohol or n-butyl alcohol, electrolytes, heat, or a combination thereof. Similarly, an 
alternative coacervate system that can be used In the compositions of the present Invention, can be 
manufactured by preparing an aqueous solution of a surfactant, such as lecithin, arid then adding a 
precipitating agent, such as an alcohol or an electrolyte In sufficient amount for phase separation to to yieid a 
coacervate system. Subsequent processing steps for these alternative coacervates to produce orally or 
intravenously administrate microemulstfied or microencapsulated compositions are Identical to the 
processing steps described above. 

Specific examples directed to the coacervate compositions Including an iron-containing molecule capable 
of carrying and releasing oxygen (heme and/or hembprotelns and/or heme-hemoprbtein complexes) are 
provided In the following examples 161-176. 

EXAMPLE 129 

An aqueous 3% w/v solution of albumin, an aqueous 3<H> w/v solution of lecithin and art aqueous solution of 
heme, containing the dose of heme desired in the end product, are thoroughly admixed after the herns solution 
was treated with sufficient carbon monoxide to drive off essentially all the oxygen. The mixture theri la heated 
at 50° C. for a sufficient time to produce a two-phase coacervate system. The two-£hase coacervate system 
then Is emulsified In a blender, followed by the addition of an antioxidant, such as ascorbic acid, and by 
adjustment of (1) isotonictty uslrig sodium chloride and/or water and (2) pH ueihg either an acid or a base, 
such as hydrochloric acid or sodium hydroxide In an amount sufficient to bring the Isotonictty and pH values of 
the emulsion within normal physiological ranges, e.g., 7.2 to 7.5 pH. The emulsion then is converted, by 
conventional colloid mill techniques to a mlcroemulslon of coacervate-Based rhlcroernuteffled particles, having 
a diameter of approximately 1 micron of less, the composition containing the microemuletfted particles, 
containing encapsulated heme, then is adjusted for isotonictty and pH as above,. If necessary. The 
microemulstfied particles can be used for oral or Intravenous administration to the body. This mlcroemulstfted 
composition then Is heated at 60° C. for about 2 to about 150 seconds to produce hardened, 
microencapsulated particles having a range of sustained time-release characteristics. The microencapsulated 
particles then are treated with excess oxygen tb remove the carbon monoxide, and, optionally, stored under 
an Inert blanket of nitrogen gas. These hardened, microencapsulated particles, when added to a suitable 
vehicle, such as syrup, also can be used orally, or in a physiological saline solution Intravenously. These 
compositions are useful to augment the oxygen-transport capacity of the recipient and to Increase circulatory 
volume. 

EXAMPLE 130 

The procedure of Example 129, except that a complex of heme and stroma-free hemoglobin replaced the 
heme. 

EXAMPLE 131 

The procedure of Example 129. except that an aqueous solution of w/v of casein replaced the aqueous 
3<Vo w/v solution of albumin. 

EXAMPLE 132 

The procedure of Example 129, except that an aqueous 30b w/v solution of gelatin replaced the aqueous 3<tt> 
w/v solution of albumin. 

EXAMPLE 133 

The procedure of Example 129, however the manufacturing process was terminated after preparation of the 
coacervate system mlcroemulslon, thereby producing ah orally administratis composition useful In the 
treatment of Iron deficiency anemia, and anemias due to blood loss. 

EXAMPLE 134 

The procedure of Example 133, except that a heme and stroma-free hemoglobin complex replaced the 
heme, thereby producing a composition useful In treating anemias due to Iron deficiency or blood loss. 

EXAMPLE 135 

The procedure of Example 129, except that the preparation of the microencapsulated sustained 
time-release formulation Is omitted. 
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EXAMPLE 136 

The procedure of Example 129, except that the complex of heme and stroma-free hemoglobin Is used, and 
the manufacturing process Is terminated after preparation of the microemulsion. 

5 

EXAMPLE 137 

The procedure of Example 129, except that an aqueous 5<Wd w/v solution of albumin Is used Instead of the 
aqueous 3% w/v albumin solution. 

10 EXAMPLE 138 

The procedure of Example 129, except that an aqueous 4<Vb w/v solution of lecithin is used Instead of the 
aqueous 3<Vb w/v lecithin solution. 

EXAMPLE 139 

15 The procedure of Example 129, except that the coacervate system Is produced by subjecting an aqueous 
3<Vb w/v solution of albumin to temperatures of 30-35° C. until formation of a two-phase coacervate system. 

EXAMPLE 140 

The procedure of Example 129, except that the coacervate system Is prepared by the dropwlse addition of 
20 ethyl alcohol to to an aqueous 3% w/v solution of lecithin until a two-phase coacervate system is produced. 

EXAMPLE 141 

The procedure of Example 129, except that an aqueous 3°/o w/v solution of casein is used to replace the 
aqueous 3% w/v albumin solution, and a complex of heme and stroma-free hemoglobin is used to replace the \ 
25 heme. 

EXAMPLE 142 

The procedure of Example 129, except the heme molecule Is first encapsulated in a lecithin-cased liposome 
before proceeding to produce the aqueous two-phase coacervate system. 

30 

EXAMPLE 143 

The procedure of Example 129, except the heme-hemoglobin complex is first encapsulated In a 
lecithin-cased liposome before proceeding to produce the aqueous two-phase coacervate system. 
According to the perhalogenated embodiment of the method and composition of the present Invention, a 

35 non-toxic perhalogenated compound, such as a perfluorinated hydrocarbon and/or a perfluorinated amine, 
can be used with the aqueous coacervate system to provide the compositions of the present Invention. The 
perhalogenated compounds useful In the present invention include perfluorinated and perftuoiiodinated 
aliphatic and alicycllc hydrocarbons, perfluorinated and perfluoiiodinated aliphatic and alicycllc ethers, and/or 
perfluorinated and perfluoiiodinated aliphatic and alicycllc amines. It has been found that perfluorodecailn and 

40 perfluoroiododecalln are especially useful In the compositions of the present invention, either used alone or in 
combination with other perfluorinated compounds, such as perfluorotributylamine, perfluorotripropylamlne, 
perfluorotrimethyiblcyclo[3.3.1]nonane and/or perfluoro-N.N-dlmethylcyclohexylmethylamine. 

In accordance with an important feature of the present invention, a method of producing a composition, 
Including a perhalogenated, and preferably a perfluorinated, compound; a two-phase aqueous coacervate 

45 system; and a physiologically-active compound Is disclosed. According to the method of the present 
invention, the physiologically-active compound Is admixed with the perhalogenated compound, and the 
resulting mixture then Is admixed with an aqueous surfactant solution, such as an aqueous albumin solution 
and/or an aqueous lecithin solution. Subsequent processing of the complete mixture produces a coacervate ^ 
system. The resulting coacervate-based composition then is processed further to produce a microemulsion, V 

50 having particles of 1 micron or less In diameter. Additionally, the microemulsion can be processed further 
using heat, or other appropriate precipitating agents, to produce sustained time-release compositions, having 
a single rate of release or a range of release rates. 

The composition of the present Invention can be administered orally or parenterally, preferably 
intravenously. In addition, the composition of the present invention can be lyophllized using conventional 

55 techniques to convert the 'liquid to a powder. The powdered product then can be reconstituted using 
appropriate physiological fluids. For Instance, when the reconstituted composition is intended for intravenous 
use, isotonicity and pH should be adjusted to normal body values before administration. 

In preparing the compositions of the present invention, it is preferred that both phases of the two-phase, 
aqueous coacervate system be used. However, the non-polar, collold-rlch phase can be separated from the 

60 colloid-poor phase, then used to prepare the compositions of the present invention. The compositions of the 
present invention comprise microemulsrfied particles containing the aqueous coacervate and the 
perhalogenated compound. A physiologically-active component can be Incorporated into the perhalogenated 
compound-coacervate system compositions of the present Invention to yield a variety of end products that are 
useful in the medical field. The microemulsitied particles are manufactured to be of appropriate size, such that 

65 the particles are compatible with the microcirculation system and the reticuloendothelial system of the human 
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body and other mammals. The compositions of the present Invention may, If desired, be processed further to 
produce composition* having time-release characteristics, such as by microencapsulating the partlclee to 
provide a time-release hardened coating on the composition. 

To prepare the perhalogenated compositions embodiment of the present Invention, two solutions are 
prepared: an aqueous solution, Including from about 0.01 <Vb w/v to a quantity up to about 10OM) w/v 5 
dispersion, of albumin; and an aqueous solution Including from about 0.01 Q^o w/v to a quantity up to about 
10XXV& w/v dispersion of lecithin. In addition, a sufficient amount of a perhaiogenated compound, such as 
perfluorodecalln. Is required to produce a composition including from about 0.1 Ofo w/v to about 99<tt> w/v ot the 
perhalogenated compound. To achieve the full advantage of the present Invention, the aqueous solutions 
include from about 1°/b to about 5<Vb, and preferably about 3<Yo, w/v of albumin and about 1% to about Wo. and 10 
preferably about 3% w/v of lecithin. Optionally, powdered albumin and/or powdered lecithin can be mixed with 
the perhalogenated compound, and this mixture then converted to an aqueous solution containing the 
required amount of albumin, lecithin and perhaiongenated compound. According to the method of the present 
invention, the compositions can include equal or unequal proportions of albumin solution to lecithin solution, 
however, equal proportions of the albumin and lecithin solutions are preferred. To achieve the full advantage of 15 
the present invention, equal weight amounts of albumin and lecithin are Included In the compositions of the 
present invention. 

For example, if the finished product la Intended to be used as a barrier to food absorption, approximately 
equal amounts of an approximately 3<Vo w/v aqueous solution of albumin and an approximately 3% w/v 
aqueous solution of lecithin, and a quantity of a perhalogenated compound, such as perfluorodecaJIn, are 20 
thoroughly admixed and processed In a colloid mill to yield a mixture including from about 30% w/v to about 
500/0 w/v, and preferably about 4Wo w/v, of perfluorodecaJIn. The mixture then Is subjected to a physical or 
chemical precipitating agent. For example, heat, ranging from about 20° to about 70° C, and preferably 
ranging from about 30° to about 60° C. Is applied until the mixture 'precipitates' to produce a composition 
comprising the aqueous two-phase coacervate system and the perhaiogenated compound. Temperatures 25 
below about 20° C, or above about 70° C, can be utilized according to the method of the present Invention so 
long as the time of heat treatment causes the solution to precipitate into a two-phase coacervate solution 
while preventing excessive heat treatment to the extent of denaturing the composition causing loss of the 
coacervate. Alternatively, rather than heating, a non-toxic alcohol, such as ethyl alcohol, or an appropriate 
electrolyte, such as sodium chloride, can be added to the mixture to produce an aqueous, two-phase 30 
coacervate system. The mixture Is subjected to the physical or chemical precfpftattocj agent until visual 
inspection, or inspection by microscopic techniques known to those skilled In the art, shows that the mixture 
has separated Into the two-phase aqueous coacervate system. 

The coacervate system -perhalogenated compound composition then Is re-emulslfled using conventional 
techniques. The resulting emulsion also can be processed further, by using conventional techniques, such as 35 
a colloid mill to produce a mlcroemulslon. The mlcroemulelon includes the coacervate-based mlcroemulstfted 
particles and the perfluorinated compound, each In a form that Is compatible wtth the reticuloendothelial 
system and microcirculation systems of the human body. This mlcroemulslon composition can be 
administered orally or intravenously. 

For oral administration, the mlcroemulslon can be dispensed by any of the conventional oral dosage forms, 40 
such as liquid mlcroemulslon or soft capsulation, e.g. a syrup or a capsule containing a liquid, in accordance 
with another Important feature of the present invention, the mlcroemulslon can be processed further using 
either heat or a cross-linking agent to produce a microencapsulated composition having sustained 
time-release characteristics. Generally, heat, ranging from 25* to 70° C, Is preferred, and Is appHed over 
varying time periods, such as about 2 sec. to about 150 sec., to convert the mlcroemulslon Into 45 
microencapsulated particles having varying degrees of surface-coacervate film hardnesses. The mtcroemulsl- 
fled coacervate can also be treated at temperatures above 70" C, or below 25° C, for a time sufficient to 
produce a time-release composition capable of releasing the physiologicafTy-actlve component, for example, 
up to about 72 hours, after administration of the composition. It has been found that longer heating time 
increases the film hardness, thereby affecting the time-release characteristics of microencapsulated partlclee. So 
Therefore, particles of simitar or different release rates can be combined In a single dose and can be 
administered orally or intravenously after being placed In an appropriate vehicle or dosage form. 

The composition made In accordance with the above method cart be utilized In weight reduction programe, 
whereby after orally administering the food-barrier composition, the perhaiogenated compound in eluded In 
the composition coats the intestinal waJIs to preclude the absorption of food. Therefore; the patient Is not 55 
limited In the amount of food consumed because no food Is absorbed through the intestinal walls until the 
perhalogenated compound Is expelled from the body. The dosages and frequency of treatment are clinical 
determinations that axe made in regard to each individual patient such that weight toss objectives and 
nutritional needs are balanced. 

It should be noted that other additives, such as ftavorants, can be added to the perhaiogenaled 60 
compound-aqueous coacervate composition to enhance patient appear, without detracting from the efficacy 
of the composition. According to the method of the present Invention, the aqueous coacervate system aflowa 
the oral introduction of the non-polar, non-aqueous perhaiogenated compound Into the pdttont wttfrout the 
need of additional emulsifying and suspending agents that are normally required to soiubfftze the 
perfluorinated compound, but generally detract from product aesthetics and patient appeal. $6 



41 



0274491 



The aqueous coacervate system, including the perfluorinated compound, can also be used as a 
resuscitation fluid to quickly Introduce an oxygen-carrying molecule Into a patient In the manufacture of a 
resuscitation fluid, the process of admixing the aqueous albumin and ledthin solutions and the 
perfluorodecaJin is performed as above except that prior to admbdng the three liquids heme and/or 

5 stroma-free hemoglobin, In an amount ranging from about 0.1% to about 30% w/v is added to the 
perfluorodecaJin. The amount of perhalogenated compound used In the resuscitation fluid is limited to from 
abut 10% w/v to about 30% w/v f and preferably to about 20% w/v, of the entire composition. At these levels, 
the amount of perhalogenated compound Is too low to act as a food barrier, but is sufficiently large to coat the 
Intestinal wall and bring the heme and/or stroma-free hemoglobin into intimate contact with the intestinal wall 

10 for rapid absorption. The perhalogenated compound Is not absorbed by the intestinal walls but serves to 
facilitate transport of the oxygen-carrying heme or stroma-free hemoglobin into the circulatory system. 

it is preferred that the amount of the oxygen-carrying molecule included in the resuscitation fluid 
approximate the amount of hemoglobin percent in whole blood, such as from about 5% to about 14%. It 
should be noted, however, that because of the inherent oxygen-carrying capability of the perfluorinated 

15 compound, the amount of heme or stroma-free hemoglobin can be below the 14% wt% hemoglobin normally 
found in whole blood. The heme or hemoglobin used in the present invention may be of endogenous, 
exogenous, or synthetic sources. 

After admixing the albumin and lecithin solutions, the perhalogenated compound, and the heme and/or 
stroma-free hemoglobin, the osmotic pressure of the resulting mixture Is adjusted to the Isotonicity of whole 

20 blood by the addition of sodium chloride and/or any other suitable electrolyte or water, as required. The pH is 
adjusted using an acid, such as hydrochloric acid, or an alkaline substance, such as sodium hydroxide. The 
isotonicity and the pH of the emulsion are adjusted to approximate the values found in the human body, 
approximately 0.9% saline, and a pH of approximately 7.3 to 7.45. 
After the pH and isotonicity adjustments, the mixture is processed as previously described for the 

25 food-barrier composition to produce a microemulslon having a particle size that is compatible with the 
microcirculation and the reticuloendothelial system, such as 1 micron or less in diameter. The product then 
can be administered Intravenously as a resuscitative fluid. 

Similarly, a product useful as an oxygencarrylng contrast medium, such as those used in angioscopy, can be 
manufactured according to the method of the present invention. The oxygen-carrying contrast medium can be 

30 prepared by the method described above for the manufacture of a resuscitation fluid, however, a 
perfluoroiodinated compound, such as perfluoroiododecalln or iodinated perfluorodecaiin, is used in place of 
perfluorodecaJin. 

If the perfluorinated compound-coacervate system composition is to be used as a drug delivery system, 
perfluorodecaJin, the albumin solution and the lecithin solution are prepared as described above. Before the 

35 solutions are admixed, however, the non-polar to semi-polar physlologicaily-active and/or pharmacological 
compound or compounds are admixed Into the perfluorodecaJin In a sufficient amount to yield the desired, or 
required, dose In the finished product. If the solubility of the physioiogicalry-active and/or pharmacological 
compound or compounds in the perfluorinated compound is exceeded, the physiologically-active and/or the 
pharmacological compound or compounds can be dispersed and suspended in the perfluorinated compound 

40 to achieve the required, or desired, clinical dosage. 

The physioioglcaJly-active and/or pharmacological components can include any drug, hormone, biological, 
enzyme, antibiotic, peptide or other useful medical composition that is soluble in the perfluorinated compound 
to a sufficient degree to obtain a clinical dose, ff salts of the parent drug compounds or other water-soluble 
pharmaceuticals also are Included in the product, these compounds are dissolved in the aqueous albumin or 

45 the aqueous lecithin solutions before admixing and processing to produce the coacervate system. After 
admixing, the mixture is processed In the same manner as described previously to prepare the food barrier 
composition. 

In those Instances where the product is to be administered intravenously, the pH and Isotonicity of the 
composition are adjusted, If necessary, to approximate that of whole blood. The product then is suitable for 

50 either oral or intravenous administration, as the particle size of the microemulslon, 1 micron or less in diameter, 
allows absorption through the intestinal wall and Is compatible with the microcirculation system and the 
reticuloendothelial system. For oral compositions, the amount of the perhalogenated compound is maintained 
at between about 10% w/v to about 30% w/v, and preferably about 20% w/v of the finished drug composition 
to facilitate absorption of the drug into the circulatory system. For parenteral^ administered compositions, the 

55 amount of perhalogenated compound can be incorporated in amounts varying from about 0.1% w/v to about 
99% w/v of the finished drug composition, in order to maximize the solubility and stability of the 
physiologically-active and/or pharmacological component. 

The method of the present invention also can be utilized to incorporate a local or general anesthetic into the 
coacervate system-perhalogenated compound composition. The anesthetic agent, either a gas, liquid, liquified 

60 gas, or mixture thereof, first is dissolved in the perfluorinated compound in the amount necessary to produce 
the desired anesthetic dose in the final product. As described previously, the aibumin solution, lecithin 
solution and perfluorinated compound are admixed, followed by heating the mixture at temperatures ranging 
from approximately 20° to approximately 70° C for a sufficient time to produce a two-phase coacervate 
system, as shown by visual or microscopic techniques. 

65 The two-phase coacervate system then Is processed to yield a microemutsion, having a particle size that Is 
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compatible with the microcirculation and the reticuloendothelial system. The pH of the mlcroemulslon Is 
adjusted to that of whole blood using an acid, such aa hydrochloric add or a base such as sodium hydroxide. 
The resulting product Is suitable for Intravenous and/or oral administration, allowing for more control In the 
amount of anesthetic delivered and In the depth of the anesthesia. 

Any of the oral or Intravenously administered products can be prepared In a sustained time-release form by 
treating the composition with an organic aldehyde, such as glutaraJdehyde, or heat. The method provides a 
composition having ft single or multiple rate of release. The process yields mlcroemutaifled parttaies 
encapsulated by a coacervate-based film that can be of any desired degree of particle surface film hardness, 
ranging from liquid to gel-like to rigid. 

According to this method, a portion, or all, of the mlcroemulsified composition Is heated, generally in a range 
of from about 25° to about 70° C, and preferably in the range of 30° to about 40° C over a varying time peripd. 
such as 2 sec. to about 150 sec, to convert the mlcroemulslon into microencapsulated particles having varying 
degrees of coacervate film hardness. The rnlcroemulsifiea; coacervate can also be treated at temperatures 
above 70° C, or beiow 25° C, for a time sufficient to produce a time-release composition capable of releasing 
the physiologically-active component for example, up to about 72 hours, after administration of the 
composition. It has been found that longer healing time Increases the film hardness, thereby affecting the 
time-release characteristics of microencapsulated particles. Therefore, particles of similar or different release 
rates can be combined in a single dose and can be administered orally or Intravenously after being placed In an 
appropriate vehicle or dosage form. 

In accordance with the present Invention, coacervate systems also can be produced by using a single 
surfactant, such as albumin alone, and a precipitating agent. The precipitating agent can be a, nan-toxjc 
alcohol, such as isopropyt alcohol or n-butyl ajcohot; electrolytes; heat; or a combination thereof. Similarly, an 
alternative coacervate system that is useful In the compositions of the present Invention, can be manufactured 
by preparing an aqueous solution of a surfactant, such as lecithin, and then adding a precipitating agent, such 
as an alcohol or an electrolyte. In sufficient amount for phase separation to yield a coacervate system. 
Subsequent processing steps for these alternative coacarvates to produce orally or Intravenously 
administrate microemulsffled or microencapsulated compositions are Identical to the processing steps 
described above. 

Specific examples of the perhalogenated composition embodiment of the present invention are provided In 
the following examples 144-180. 

EXAMPLE 144 

Approximately equal volumes of an aqueous 3% w/v solution of albumin and an aqueous 3<tt> w/v solution, of 
lecithin, and a sufficient amount of perfluorodecalin to provide 4Wo w/v of perfluorodecalin In the final solution 
are thoroughly admixed. The mixture then is heated at 70° C. for a sufficient time, such as from about 3 
seconds to about 2 minutes, to produce a two-phase coacervate system. The mixture Is examined 
continuously by visual or microscopic techniques throughout the heating period in order to terminate the 
application of heat as soon as the mixture separates Into a two-phase aqueous coacervate system. The 
coacervate system, Including the perfluorodecalin, then is processed In a colloid mill to produce a 
microemulsion. The mlcroemulslon then can be used as an oraily-admlnistrable food absorption barrier 
composition. 

EXAMPLE 145 

The procedure of Example 144, except that the application of heat Is replaced by the dropwise addition of 
ethyl alcohol until a visual inspection shows that the mixture has separated Into the two-phase aqueous 
coacervate system. 

EXAMPLE 146 

The procedure of Example 144, except that the application of heat Is replaced by the addition of sodium 
chloride until a visual inspection shows that the mixture has separated into the two-phase aqueous coacervate 
system. 

EXAMPLE 147 

The procedure of Example 144. except that perfluorotributylamlne Is used In place of perfluorodecalin to 
yield a food absorption barrier composition including 30% w/v or perfluorotiibutylamlne. 

EXAMPLE 148 

The procedure of Example 144, except that the same volume of an aqueous 5% w/v albumin solution is 
used. 

EXAMPLE 149 

The procedure of Example 144, except that the same volume of an aqijeous 5°/q w/v lecithin solution Is, used. 
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EXAMPLE 150 

The procedure of Example 144, except that the mixture Is heated at 40° C. 
EXAMPLE 151 

5 The procedure of Example 144, except that an aqueous solution of heme Is admixed into the 
perfluorodecalln before the albumin solution, lecithin solution and perftuorodecalln are thoroughly admixed. 

The amount of 20% w/v heme solution added to the mixture is sufficient to provide a final composition 
including approximately 7% w/v of heme. The perfluorodecalln Is present at approximately 20% w/v of the final 
composition. The isotonlctty and pH of the mixture then are adjusted using sodium chloride and/or water, and 

10 either an acid or a base, such as hydrochloric acid or sodium hydroxide, in an amount sufficient to bring the 
isotoniclty and pH values of the emulsion within normal physiological ranges, e.g., 7.2 to 7.5 pH and 0.9% 
saline. The mixture then is heated at approximately 70° C until a visual inspection indicates that the mixture has 
separated into the two-phase aqueous coacervate system, the coacervate system, including the heme, then Is 
emullslfed to produce a microemulsion having a particle size of 1 micron or less In diameter. The composition 

15 then can be used as an intravenously administrate resuscitation fluid. 

EXAMPLE 152 

The procedure of Example 151, except that an aqueous solution of 20% w/v stroma-free hemoglobin 
Instead of heme Is admixed into the aqueous 3% w/v albumin solution to provide a mixture Including 7% 
20 stroma-free hemoglobin. 

EXAMPLE 153 

The procedure of Example 151, except that an aqueous solution of a heme and stroma-free hemoglobin 
complex instead of heme Is admixed into the aqueous 3% w/v lecithin solution to provide a mixture including 
25 7% w/v heme and stroma-free hemoglobin complex. 

EXAMPLE 154 

The procedure of Example 152, except that polymerized stroma-free hemoglobin is used In place of heme. 
30 EXAMPLE 155 

The procedure of Example 152, except that pyrldoxilated polymerized, stroma-free hemoglobin Is used In 
place of heme. 

EXAMPLE 156 

35 The procedure of Example 151, except that the composition Includes 30% w/v of perfluorinated 
trimethytblcyclo[3.3.1]nonane in place of the 20% periluorodecalin. 

EXAMPLE 157 

The procedure of Example 151, except that the composition includes 20% w/v of perfluorotributylamine in 
40 place of the 20% perfluorodecalln. 

EXAMPLE 158 

The procedure of Example 151, except that the composition Includes 12% w/v of perfluorodecalin and 8% 
w/v of perfluorotributylamine In place of the 20% perfluorodecalln. 

45 

EXAMPLE 159 

The procedure of Example 151. except that Insulin is used In place of heme to provide a composition 
Including 40 units/ cc of insulin. 

50 EXAMPLE 160 

The procedure of Example 151, except that the anti-coagulant, sodium heparin, Is used In place of heme to 
provide a composition including 1000 USP units/ml of sodium heparin. 

EXAMPLE 161 

55 The procedure of Example 144, except (1) methotrexate, a cancer treatment drug, is added to the 
perfluorodecalln before the perfluorodecalln Is admixed with the aqueous lecithin and aqueous albumin 
solutions, and (2) the pH of the aJbumin-lecithin-perfiuorodecalin-methotrexate mixture is adjusted to 
approximately 7.4, by adding either hydrochloric acid or sodium hydroxide, before the mixture is processed to 
produce a microemulsion to provide a composition including 25 mg/ml of methotrexate. 
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EXAMPLE 162 

The procedure of Example 161, except (1) the antibiotic, gentamycin, is used in place of methotrexate, and 
(2) the pH adjustment is made after the mixture is processed to produce a microemulsion to provide a 
composition including one mg/ml of gentamycin. 
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EXAMPLE 163 

The procedure of Example 161, except (1) the antibiotic, cefazolln, Is used In place of methotrexate and {21 
the pH adjustment la made before and after the mixture Is processed to produce a mloroeroulsf on to provide L 
composition including 125 mg/rrrf of cefazolln. 

EXAMPLE 164 5 

The procedure of Example 161. except that the antibiotic cephaptrfn is used in pfece of methotrexate to 
provide a composition Including 250 mg/ml of cephapfrin. 

EXAMPLE 165 1Q 
The procedure of ExampJe 161, except that the antibiotic thiopental is used in place of methotnwale. 

EXAMPLE 166 

The procedure of Example 161, except (1) the anesthetic haiothane is used In piice of methotrexane. and 
(2) the haiothane Is bubbled Into the perfluorodecaiin to provide a competition Including 2CAa w/v of is 
haiothane. 



EXAMPLE 167 

The procedure of Example 161, except that the anesthetic fentanyt Is used In place of methotrexate to 
provide a composition Including 0.05 mg/ml of fentanyi. ^ 

EXAMPLE 166 

The procedure of Example 161, except that the anesthetic sufentanil ie used in piece of methotrexate to 
provide a composition including 50 ug/mJ of sufentanil. 

EXAMPLE 169 25 

The procedure of ExampJe 161, except that the muscle relaxant succinyichoilne is used in ptaca of 
methotrexate to provide a composition including 20 mg/ml of succlnyicholfne. 

EXAMPLE 170 ^ 

The procedure of Example 161, except that calcitonin, used In the treatment of osteoporosis, is used In 
place of methotrexate to provide a composition Including 20 I.U./ml of calcitonin. 

EXAMPLE 171 

The procedure of Example 161, except that the anesthetic ketamlne is used in place of methotrexate to 35 
provide a composition including 10 mg/ml of ketamlne. 

EXAMPLE 172 

The procedure of Example 161. except that the anesthetic fluorocil Is used In place of methotrexate to 
provide a composition including 50 mg/ml of fluorocil. 40 

EXAMPLE 173 

The procedure of Example 161, except that the labor Inducer oxytocin is used In place of methotrexate to 
provide a composition including 10 USP unlts/mi of oxytocin. 

EXAMPLE 174 45 
The procedure of Example 151. except that monensin is used In place of heme. 

EXAMPLE 175 

The procedure of Example 161, except that monensin Is used In addition to methotrexate to provide a 30 
composition Including 25 mg/ml of methotrexate. 

EXAMPLE 176 

The procedure of Example 144. except that Iodine is added to the perfluorodecaiin prior to the admixing the 
albumin solution, lecithin solution and perfluorodecaiin solution to provide a contrast medium containing 1<W> 55 
w/v of iodine. 



EXAMPLE 177 

The procedure of Example 144, except that vitamin A, vitamin D, and vitamin E are added to the 
perfluorodecaiin prior to admixing the perfluorodecaiin, albumin solution and lecithin solution. After admixing, 60 
the mixture is heated at 70° C until the mixture separates Into a two-phase coacervate system. The two phases 
are separated, and thiamine hydrochloride, d-blotln, riboflavin, niacinamide, pyridoxine hydrochloride, 
dexpanthenol, ascorbic acid, folic acid, and cyanocobalamln is added to the polar phase. The phases are 
recomblned and processed to produce a mlcroemulalon having a particle elze of 1 micron or leas in diameter 
to provide a composition including 3300 USP units/ml of vitamin A, 200 USP units/ml vttarrtn D ( 10 USP 00 
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units/ml vitamin E, 3 mg/ml thiamine hydrochloride, 60 mg/ml d-bloUn, 3.5 mg/ml riboflavin, 40 mg/ml 
niacinamide, 4 mg/ml pyrldoxine hydrochloride, 15 mg/ml dexpanthenol, 100 mg/ml ascorbic acid, 400 ug/ml 
folic add, and 5 ug/ml cyanocobaiamln. 

5 EXAMPLE 178 

The procedure of Example 161, except that the anti-asthmatic amlnophyiin is used in place of methotrexate 
to provide a composition including 25 mg/ml of amlnophyiin. 

EXAMPLE 179 

10 The procedure of Example 153, except that the microemuislon is divided Into four equal portions. The first 
portion Is left untreated, the second portion is heated at 70° C for 10 seconds, the third portion Is heated at 70° 
C for 40 seconds and the fourth por tlon is heated at 70° C for 70 seconds to produce a microencapsulated 
composition having sustained time release capabilities. 

15 EXAMPLE 180 

The procedure of Example 144, except that the commercial product, perfluoroiodide, Is used In place of 
perfluorodecalln to provide a contrast medium including 40<Vb w/v of perfluoroiodide. 

In one embodiment a method of maintaining tissue of an organ of a mammal viable, outside of the mammal's 
body comprising immersing the tissue or organ In the composition as claimed herein to maintain the viability of 
20 the tissue or organ until said tissue or organ Is attached to a mammal. 

In another embodiment a method of preparing a perhalogenated composition includes mixing an aqueous 
solution of water, a surface active agent, and a perhalogenated compound under conditions to form a 
two-phase aqueous coacervate system and contacting the perhalogenated physiologically-active compound 
with one or both of the two-phases to envelope the physiologically-active compound, bound in particles, within f 
25 a coacervatebased aqueous film; said particles having a particle size of less than 1000 microns. 



Claims 

30 

1. A method of preparing a composition useful as a system to introduce and transport medically useful 
compositions In the body of mammals by oral, tissue absorptive, Inhalation, or parenteral administration; 
the method being characterised In that It comprises forming a core material comprising core particles of a 
material having a desired particle size; forming a mixture of one or more surface active agents, water and 

35 one or more physiologically-active compounds and emulsifying the mixture to produce a two phase 

coacervate composition comprising a coacervate phase and an equilibrium water phase, the 
physiologically-active compound being contained in one or both of said phases; forming the core material 
particles with one or both of the coacervate phases or contacting the core material with one or both of the 
coacervate phases to embed the physiologically-active compound within a coacervate-based core 

40 material matrix or to encapsulate the core material particles within an encapsulating coacervate-based 

film containing the physlologicalry-acttve compound. 

2. A method as claimed In claim 1 further characterised by emulsifying and microemulsifying the core 
material with an emulsifying agent and water under conditions to form coacervate particles in the matrix 
useful for oral administration having a particle size less than about 10 microns, preferably less than 

45 about 1 micron. 

3. A method as claimed In either claim 1 or claim 2, characterised in that the surface active agent Is a 
polymerized phospholipid, preferably polymerized lecithin, cephalln, Isolecithln, sphingomyelin, phos- 
phalldyl serine, phosphatide acid, phosphatidyl Inositol, phosphatidyl choline, or mixtures thereof. 

4. A method as claimed In any one of the preceding claims, characterised in that the coacervate mixture f 
50 Includes two surface active agents, at least one of which Is a polymer having a weight average molecular v : 

weight of 300,000 or less, the two surface active agents being preferably a phospholid and a surface 
active protein, for example lecithin and polymerized albumin. 

5. A method as claimed In any one of the preceding claims, further characterised by drying the 
composition to form a powder capable of being reconstituted by the addition of a physiologically 

55 acceptable liquid. 

6. A method as claimed in any one of the preceding claims, characterised In that the or each surface 
active agent Is added in monomeric form and a polymerization initiator is added to said composition, said 
polymerization initiator being capable of and present In an amount sufficient to polymerize the surface 
active agent during processing of said coacervate mixture. 

60 7. A method as claimed in any one of the preceding claims, characterised in that the core material is 

formed from a coacervate-based matrix and the matrix is encapsulated with a coacervate-based film. 

8. A method as claimed in any one of the preceding claims, characterised in that the 
physiologically-active compound comprises insulin, an atrial peptide, or a perhalogenated compound, for 
example a perfluorinated hydrocarbon, perfluorolodlnated hydrocarbon, perfluorlnated amine, perfluo- 

65 rolodlnated amine, perfluorinated ether, perfluorolodlnated ether, perfluorinated hydrocarbon-Iodine 
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complex, or mixtures thereof, preferably perfkjorodecailn, perfluorotododecalln. perfkicrotributyiamlne, 
perfluorotripropyiimtne, perfhJoro-N,N^h7ietrvlcyclohexy!methy!«mine t pern\jor*>trimethy1-btay- 
clo[3.3.1]nonane. iodlnated perfiuorodecalln or perfluoroiodide. 

9. A mettiod as claimed In any one of the preceding claims, characterised in that the physldogjcalry 
active compound In one or both of the two coacervate phases is bound as particles m a coBcervate matrix 
and wtthln a coacervate-based aqueous Aim; and further including the steps of separating the particles; 
and adding a hydrocollotd to the particles tn an amount of 2-20% w/v based on the weight of the 
coacervate mixture to form a gel-like surface film surrounding the physiologically active compound. 

10. A method as d aimed in any one of the preceding claims, characterised by adding an antJ -oxidant to 
the coacervate mixture during preparation. 

1 1. A method as claimed In any one of the preceding claims, characterised in that it fn dudes the step of 
adding a physiologically acceptable alcohol to the coacervate mixture to form a three layer liquid 
comprising a lower polar layer, a middle layer, and an upper non-polar layer; separating the middle layer 
from the other two layers; adding a second surface active agent to the separated mlcWte layer to form a 
second two-phase liquid comprising a lower polar layer and an upper non-polar layer; and adding a 
physiologicaJry-active compound to one or both of said layers formed from said second two-phase HqukJ. 

12. A method as daimed In claim 11, characterised h that the second two-phase liquid la separated Into 
a lower polar layer and an upper non-pofar layer and a water-fnsoiuble compound la added to the upper 
non-polar layer. 

13. A method as claimed in daim 11. characterised in that the physloiogicafly-acttve compound is 
water-soluble, and is contained within the lower polar layer of said second two-phase liquid. 

14. A method as claimed In any one of the preceding claims, characterised in that the core particles are 
encapsulated by a coacervate-based film; and m that the encapsulated particles are contacted wtth a 
second coacervate composition to form an addltlonaJ coacervate-dertved Aim on the particles. 

15. A method as claimed In claim 14, characterised In that the second coacervate composition contains 
0.1 to 50% by weight of an additional physiologically-active compound, based on the total weight of the 
second coacervate composition. 

16. A composition prepared by a method as claimed In any one of the preceding claims. 

17*. A composition as claimed in claim 16, characterised In that the physloIoglcaJty-active compound Is 
contained within a liposome core material, preferably enveloped wtthln an aqueous coacervatB-based fflm 
to prevent the liposome from unravelling prematurely. 

18. A composition as claimed in claim 17, characterised in that the liposome containing the 
physfologlcally-active compound is formed prior to encasing the liposome wtthln the coacervate-based 
film, and wherein the coacervate-based Aim comprises an aqueous collold-rtch phase, or an aqueous 
colloid-poor phase, or a combination of both phases. 

19. A composition as claimed In any one of claims 16 to 16, characterised in that the coacervate-based 
film comprises an aqueous collold-rtch phase, or an aqueous coliold-poor phase, or a combination 
thereof from the coacervate mixture. 

20. A composition as daimed In any one of claims 16 to 19, for Introduction Into the bloodstream of a 
mammal, characterised In that it further comprises glycerol esters selected from the group consisting of a 
monogrycertde, a triglyceride, a triglyceride, and mixtures thereof; said physloioglcaJry-actfve compound 
being dissolved or dispersed in the glyceride. 

21. A composition as claimed In claim 20, characterised in that the glyceride Is a mono or dlgiyceride 
having 4 to 24 carbon atoms, preferably 8 to 18 carbon atoms. 

22. A composition as claimed In either claims 20 or 21. characterised In that H Includes an effective 
amount of solublllztng agent capable of Increasing the solubility of the physiologically-active compound In 
the glyceride. said agent being preferably a hydrogenated oil or an unsaturated oil. 

23. A composition as claimed In any one of claims 20 to 22, characterised in that the glyceride contains 
1<K> by weight to 50<Vt> by weight of a hydrogenated oil or an unsaturated oil, preferably In an amount of 
about 5<Vb by weight to about 15<Vb by weight of the glyceride. 

24. An orally Ingestlble composition as claimed In any one of claims 16 to 23. 

25. A composition as claimed In claim 24 for Increasing the circulatory volume or Introducing Iron and/or 
oxygen Intel the circulatory system of a mammaJ characterised In that the physiologically-active 
compound comprises an Iron containing molecule capable of carrying and releasing oxygen or an oxygen 
solvent. 

26. A composition as claimed In claim 25, characterised In that the Iron-containing molecule capable of 
carrying and releasing oxygen is a heme, a hemoprotein, a heme-hemoprotetn complex, pyrtdoxltated 
polymerized hemoglobin, polymerized hemoglobin; or a mixture thereof. 

27. A composition as claimed In claim 24. for controlling the caloric Intake of a mammal characterised In 
that the composition Includes a perhalogenated compound in an amount of from about 30Q/o w/v to about 
500/0 w/v based on the total weight of the composition. 

28. A composition as claimed In claim 24 for Increasing the oxygen content In the circulatory system of a 
mammal characterised In that the physiologically-active compound Is a combination of a perhalogenated 
compound and a compound selected from the group consisting of an Iron-containing molecule capable of 
carrying and releasing oxygen and an oxygen solvent; said aqueous coacervate system comprising an 
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aqueous colloid-rich phase, an aqueous colloid-poor phase, or a combination thereof; wherein the 
coacervate phase Includes the perhaiogenated compound, and either an iron-containing molecule 
capable of carrying and releasing oxygen or an oxygen solvent, or a combination thereof. 

29. A composition as daimed In claim 28, characterised In that the Iron-containing molecule capable of 
5 carrying and releasing oxygen Is selected from the group consisting of heme; a hemoproteln, a 

heme-hemoprotein complex; pyridoxylated hemoglobin; pyrldoxyiated polymerized hemoglobin and 
mixtures thereof. 

30. A contrast medium for introduction into the circulatory system of a mammal comprising an orally 
fngestlbie or injectible composition as claimed In any one of claims 16 to 23. 

10 31. An anaesthetic composition as claimed in any one of claims 16 to 23, characterised in that the 

composition includes an anaesthetic added to the composition during preparation. 

32. An Injectible composition comprising a composition as claimed in any one of claims 16 to 23. 

33. A method of administering a physiologically-active compound to a mammal comprising topical 
application of a coacervate composition according to any one of claims 16 to 23 on the skin of a mammal; 

75 and applying sound waves to the topically applied coacervate composition to drive the physiologically-ac- 

tive compound Into the skin. 

34. A composition as claimed In any one of claims 16 to 23 for increasing the circulatory volume or 
Introducing iron and/or oxygen into the circulatory system of a mammal by establishing fluid 
communication between the mammal's circulatory system and the composition. 
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